Water Power 


INTERNATIONAL DEVELOPMENT OF HYDRO-ELECTRIC POWER 
PRICE 2/6 : DECEMBER 1951 








A 21,000 h.p. double runner twin jet impulse water turbine driving a 16,750 kVA 11,000 volts alternator in Tasmania. 


Complete Hydro-electric Schemes 


The ENGLISH ELectric Company manufactures com}\ 
a hydro-electric generating plant ranging from J 
4 turbines and alternators to the. smallest auxiliar,, 
ro-electric power including the transformers and switchgear. ‘Bacio! 
F. Evecrric’ plant has been installed in all parts of the 
world under widely diverse conditions, meeting perfectly 
an extensive range of requirements. 


* 


~ aa 


‘The ENGLISH ELECTRIC Company Limited, Queens House, Kingsway, London, W.C.2 
Hydro-Electric Department, Stafford 
STAFFORD - PRESTON - RUGBY * BRADFORD - 


Works: LIVERPOOL. 





A thou ts as good as a mile 





We split hairs at Reyrolle. We nag about tolerances 

and generally keep our men on their toes with the 

most thorough system of testing we can devise. On the 
whole, we have things so well organised that testing is a 
routine matter, but now and again... it happens. A flaw 
is located. It may be—and usually is—very small, 

but we’re not the kind to let it slide. Not until the 

flaw has been completely eradicated do we let up. If 
needs be, we are prepared to strip equipment down and 
begin again from the ground up. All of which gives 

us the right to make’ the claim that every piece of 


Reyrolle equipment is a first class job. 





REYROLLE 


aaa SWITCHGEAR 


crc 38 


a REYROLLE & COMPANY LIMITED * HEBBURN + CO 
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KAPLAN TURBINE for MUHAMMADPUR 
INDIA 


There are three Units in this Station, which is one of eight 


on the Ganges Irrigation Canal. Boving Turbines are installed 


in six of these Stations. 


NET HEAD 17-4 FEET 
OUTPUT 4250 B.H.P. 
SPEED... .. 125 R.P.M. 


WATER POWER ENGINEERS 


Head Office: 

56, KINGSWAY, LONDON, W.C.2, ENGLAND 
Branch Offices: Wellington: Druids Chambers, Woodward Street. 
Melbourne: 99 Queen Street 
Calcutta: c/o Messrs. Macneill & Barry Ltd., 2 Fairlie Place 
Chittagong :(Pakiston) c/o Messrs. Macneil! & Barry Ltd., Strand Road 
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HE Hackbridge & Hewittic Electric Co. Ltd., has 

a long and extensive experience in the manufacture 
of water cooled and other types of TRANSFORMERS, up 
to the largest sizes, for hydro-electric power distribution. 
HACKBRIDGE TRANSFORMERS have established an 
unrivalled reputation for reliable service in world-wide 
hydro-electric installations, with operating conditions 
ranging from the tropical heat of East Africa to the 
extreme cold of Northern Canada. 


HACKBRIDGE AND HEWITTIC ELECTRIC CO. LTD., WALTON-ON-THAMES, SURREY, ENGLAN 
Telephone: Walton-on-Thames 760 (8 lines) Telegrams: “Electric,” Walton-on-Tha 
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WATER 


HIGH EFFICIENCY...RELIABLE PERFORMANCE 


DOMINION IMPULSE TURBINES 


HE experience and the resources (in- 

cluding complete design, engineering 
and laboratory testing facilities) of both 
Dominion Engineering Company Limited 
and Neyrpic, Grenoble, France, are combined 
to produce Dominion Impulse Turbines — 
resulting in high efficiency designs for a 
wide range of specific speeds to suit a great 
variety of operating conditions. These in- 


NTREAL, CANADA 
TT oe 
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clude single jet horizontal and multi-jet 
horizontal and vertical arrangements. 

The quality of the design, the selection of 
proper material and the exactly correct 
degree of finish are among the essential 
factors which assure reliable performance 
and absence of serious pitting at high 
specific speed. 

Your inquiries are invited. 


‘ * ot 
D ge re 





Metering and 
Control... 


Control recom at La Dernier hydro-electric power station of 
the Compagnie vaudoise des forces motrices des lacs de Joux 
et de l’Orbe, Lausanne, Switzerland. 

All changes in operating conditions, e.g., position of circuit- 
breakers, are confirmed on the dummy board which is arranged 
with relay and control panels on either side of it. 





CONTROL ROOMS 


with or without luminous diagrams Let us know your problems. We shall 


ae" F , b | i . 
for electricity supply and industrial oe or ie 2 ee 


plants meet all possible require- BROWN. BOVERI & CO. 
ments and facilitate the duties of “LIMITED 


the operator. — BADEN (Switzerland) 
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\ THE JAMES LEFFEL & CO. 


DEPARTMENT W e@ SPRINGFIELD, OHIO, JU. S. A. 


MORE EFFICIENT HYDRAULIC POWER FOR 83 YEARS» 


51 WATER POWER _ December 1951 












Quarry to Batching PLANT 
STONE & AGGREGATE 











INDUSTRIAL 


CONVEYORS 





















SCOTLAND - TUMMEL GARRY - LOCH SLOY 
ERROCHTY DAM 


AFRICA - OWEN FALLS - UGANDA 


INDIA - HIRAKUD DAM PROJECT 











HUGH WOOD & CO. LTD. /iiuwoop!) | €¢ 


Head Office & Factories : GATESHEAD-ON-TYNE, |! 
Industrial & Export Office: DASHWOOD HOUSE, 69, OLD BROAD STREET, LONDON, E.C.2 


ND/120€,! 
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WATERIURBINES 















For 66 years 
the RIVA organisation have specialised in the design and manu- 
facture of medium and large hydraulic turbines, and over this 
period have built 964 PELTON TURBINES with a total output 


of nearly 4,000,000 H.P. 


Installations of special interest include the 14,300 H.P. PELTON TURBINE operating 
under a head of 3,940 FEET supplied to the Plantonetto Power Station, Italy, and the 
two 80,000 H.P. PELTON TURBINES supplied to the Mucone Power Station, Italy. 
Both these installations incorporated the Riva Straight Flow Nozzle. 


“ Other RIVA products include FRANCIS and KAPLAN turbines, large capacity 
PUMPS for pump storage and irrigation, VALVES and SLUICE GATES. 


COSTRUZIONI MECCANICHE RIVA 
MILANO 


2 Sole Representatives for UNITED KINGDOM, CANADA, SOUTH AFRICA, SOUTHERN RHODESIA, CEYLON, 
‘ PAKISTAN, AND ALL BRITISH COLONIES AND THE REPUBLIC OF EIRE 


FERRUM (ENGLAND) LTD., Engineers, 43 NORFOLK STREET, LONDON, W.C.2 
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at the Vinstra* Power Station in Norway 


In the 14 mile main outlet tunnel of the 
Vinstra Power Station project in Nor- 
way, six men work the face shift—and six 
only. Five miners and a working fore- 
man. Between them, these six men drill a 
rock face area of 322 square feet, charge, 


blast and muck out. 


How is it done? 

Vinstra has adopted the Swedish Method 
lock, stock and barrel. These illustrations 
demonstrate the progress of work through 
the shift. The drills used are 47 lb. Atlas 
RH-655W with the Atlas 38 lb. pneumatic 
pusher—and no other rigging accessories 
are used or needed. Thesteels are Coromant 
hard metal tipped—made at the famous 
Sandvik Steelworks—and they are drilling 
50 feet between re-sharpening changes. 
The shovel loaders are Atlas single-handed 
self-loaders. To keep the speed, all drilling 
equipment is kept on an Atlas designed 
drill carriage, the beauty of which is in- 
creased by the fact that it is also used as a 
car shunter. 

Six men at Vinstra are driving steadily for- 
ward, advancing 82 ft. per week through 
mica schist, which is medium difficult to 
drill and very tough to blast. This rate of 
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Loading a car and switching it from one rail to 
another by the pneumatically operated boom on 
the drill carriage is a matter of minutes. 





progress corresponds with 980 cubic yards 
or about 9 cubic yards per manshift. 


Initial assembly for drilling 
in 3 to 7 minutes 

Everything in the method is designed for 
time saving. Initial assembly takes only 3 
to 7 minutes. Change of position is just a 
matter of shifting the pusher. Drillchanges, 
using the Sandvik Coromant steels that 
can drill 50 ft. of hard leptite before effec- 
tively losing gauge or edge, waste little time. 
For 85% of drilling time, the Sandvik 
Coromant steel is drilling. It is freedom 
from changing delays and frequent labor- 
ious rigging that gives extra speed and 
makes tunnelling by the Swedish Method 
light work for the miner. 


The Method as used at Vinstra 


In the first shift a pilot tunnel is drilled to 
just over 7 ft. and those holes and five holes 
of the top section are blasted and mucked 
out. In the next shift, another 7 ft. of the 
pilot tunnel is drilled in the same way and 
also the remaining holes in the roof stope. 
After blasting the round, mucking is started 
during this second shift and finished during 
the third. Atlas loaders are used on two sets 
of rails, cars being transferred from the ‘up’ 
rail to the ‘down’ rail by a pneumatically 
operated boom on the drill carriage. Load- 
ing a car and switching it from one rail to 
another is a matter of minutes. 


Consider this comparison ! 
One man operates the Atlas drill as against 
14 to 2 men on the drifter. Power absorbed 
is 20 h.p. against 40 h.p. Actual drilling is 
85 % of the drilling time and for each 150 ft. 
drilled, only 3 Sandvik Coromant bits need 
to be ground. Wherever miners are breaking 
rock, the Swedish Method can cut tke cost 
of advance. This method can be adapted 
and applied to every type of operation in 
which rock drills are used. The services and 
advice of Atlas engineers are placed at the 
disposal of all who require them. 


Six men at 


The success of THE SWEDISH METHOD 
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* 4T VINSTRA in the Gudbran 


this new hydro-electric piant NOW Gihet descrj 
of erection, will include four unit bof the ec 
duce 180,000 k i’. There are Jo ting out 
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FEET OF PILOT TUNNEL AND REMAINDER OF ROOF STOPE 
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Jant now thing the work at Vinatta with VOUCHER To ATLAS DIESEL COMPANY LTD., Beresford Avenue, Wembley, Middlesex. 
UES 5 Please send us literature describing the Swedish Method as operated at Vinstra, addressing it personally to 
r 

ou of the equipment used may be obtained 
e are . ° . . 
? ’ out this Voucher and posting it to 
» funne ‘ ees 

Diesel Company Limited, attached 


long. : 2 . 
‘ business or professional letter-heading. 





Our business (or professional) letter-heading is attached 








artment. 
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WATER TURBINE SI 


KAPLAN PELTON / e 3 


Pipelines 
‘Sluice Gates 
Travelling Cranes 


FRANCIS 


ENGINEERING WORKS THEODORE BELL LTD: 
KRIENS/LUCERNE (SWITZERLAND) 
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SHop WInpow For British ENGINEERING 























Tummel-Garry Scheme, Pitlechry Dam 





The North of Scotland Hydro-Electric Board are 
harnessing the water power resources of the High- 
lands of Scotland, which are estimated to have a 
potential annual output of 10,000,000,000 kilowatt 
hours, distributing electricity in an area of 21,750 
square miles and also supplying power to Britain’s 
National Grid. 

More than one hundred hydro-electric schemes are 
visualised in this development. 

Schemes with an estimated annual output of 
3,300,000,000 kilowatt hours and a_ kilowatt 
capacity of 1,126,000 are in operation, under 
construction or in preparation. 


On the doorstep of world-famous engineering firms 
the visitor will see a wide range of generating 
machinery and equipment operating under diverse 
conditions. 





NORTH OF SCOTLAND HYDRO-ELECTRIGCG BOARD 
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A SOUTH DURHAM STEEL PIPE LINE FOR 

































Lavado bla Nowa 


HYDRO-ELECTRIC SCHEME 











This important scheme to increase civil and 
industrial power resources in N.W. Portugal now 
approaches completion. The 300 ft. high Venda 
Nova dam across the River Rabagoa near its 
confluence with the Cavado, forms the reservoir 
from which water flows 1} miles through a tunnel 
through intervening mountain to a valve house at 
the tunnel outlet. From this point a South Durham 
Steel pipe line 
carriesthetlow 
some 2,950 ft. 
down to the 
turbine house. 


The South 
Durham steel 
pipe is in dia- 
meters 93, 
7. Os me 
and is electric- 
ally welded 
throughout 
with spigot 
and socket jointing for welding in situ. The pipe 
thickness is '3/;6° to 2)” for a working pressure at 
Power House of 590 Ibs. per square inch. Total 
weight of the pipe line is 2,000 tons and all pipe 
and special pieces were erected, welded and tested 
by South Durham engineers and skilled workmen. 

























SOUTH DURHAM 
STEEL PIPES 


South Durham Steel & Iron Co. Ltd., Pipe Department, 
Stockton-on-Tees. Telephone: Stockton-on-Tees 66117. 





















WA 
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RapieR Gates control flood water and retain the high tice level en 
the River Clyde in Glasgow. The installation includes three 80-feet 
span gates, |2-feet deep with bridge work and electric operating 
gears. The gates automatically turn under the arches in the fully 
raised positions. 








WATER CONTROL GATES 


for 
Power Plants Water Supply 


‘River Control Irrigation 


Locks & Docks 


RANSOMES & RAPIER LTD 


ENGLAND 





IPSWICH_—waterside Works 32 Victoria Street—LONDON Co! 
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The production and piping of oil has 

been said to depend upon compressed 
air more than any other single form of 
power. Compressed air from the first 
moment of site preparation . . . compress- 
ed air for trenching and rock drilling in 
the extension of the vital pipelines... 
compressed air for the multitudinous items 
of maintenance. In applications such as 
these, three factors must outweigh ail 


FOR MORE RAPID 
LAYING OF PIPELINE 















others — outstanding reliability in 
compressors to ensure a _ continuous 
supply of air ...the highest degree of 
efficiency in compressed air tools to 
ensure the economical use of that air 
. and a really extensive range of 
equipment to provide a tool for every 
purpose. Because CP meets these re- 
quirements in full mene, it certainly 
pays to... 





CALL IN CONSOLIDATED 





HVAC TT ENDL CATACH TAM 







PNEUMATIC TOOL co. tT. =" LONDON & FRASERBURGH 


Bridgend - Belfast * Dublin * Johannesburg 
and principal cities throughout the world. 


CONSOLIDATED 


Offices at Glasgow * Newcastle - 
Bombay ‘ Melbourne ° Paris 


Manchester * Birmingham * Leeds ° 
Rotterdam * Brussels - Milan 
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OVER EIGHT 
MILLION 
HORSEPOWER 


The Newport News Shipbuilding 


and Dry Dock Company has re- 


ceived orders for the building of 
hydraulic turbines aggregate rated 


output of 8,135,000 horsepower. 





ASSEM8LY OF SPIRAL CASINGS FOR C. J. STRIKE DEVELOPMENT 


NEWPORT NEWS 
SHIPBUILDING AND DRY DOCK COMPANY 


Newport News, Virginia 
WATER POWER December 1951 
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plan for progress 





The capacity for proving the quality of 
T.T Insulators, for testing design at 
every stage of advancement, and so 
maintaining the extremely high 
standards self-imposed by the T.T. 
organisation is graphically illustrated 
in this striking photograph of the high- 
voltage Test Laboratory at Hanley. 








P It is this thoroughness and attention 
. Apparatus for measuring resistivity of 
yapesceiate to detail that has earned for Taylor 


- A 50,000 volt transformer used for testing 


insulators under actual service conditions Tunnicliff a world-wide reputation as 


«Meters for measuring leakage currents of 


polluted insulators Masters of Porcelain Insulation. 


. Cathode ray oscillograph 


. High speed cathode ray oscillograph. 

. Measuring dial of mechanical testing T 
machine 

>. Im. diameter aluminium spheres for the 


measurement of high voltages 


.Apparatus for applying high hydraulic 
pressures 
- Control desk 


* : 

. Part of pit for the high volcage transformer T | T | ff & oe L d 
de poate connected pair giving 500,000 ay or u n n 4 Cc I oO t e 
volts. 50c¢ Sec. 

. Loading capacitor and potential divider Head Office : EASTWOOD - HANLEY - STAFFS 
of the 1:2 million volt surge generator iat ie . pay 

elephone : stoke-on-I rent - 


London Office: 125 HIGH HOLBORN W.C.1 Telephone: HOLborn 1951 
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DISCHARGE REGULATORS FOR DAM OUTLETS 


, 


The Larner-Johnson valve possesses exceptional qualities for free 
discharge control. No other valve provides so complete an answer 
to the dual problems of high velocity flow and hydraulic unbalance 
associated with this duty. Being of true streamline form, it passes 
a smooth jet at all openings, giving freedom from vibration and 
erosion under the highest heads. Operation is by means of the pipe 
line pressure acting on the plunger, governed by an internal pilot 
valve control which holds the plunger in balance at all open positions 
(when stationary) and creates the appropriate unbalance for opening 
or closing. Ease of operation is thus ensured, irrespective of size or 
pressure. Simplicity of design, freedom from distortion troubles, 
absence of sliding surfaces under pressure, all contribute to the 
success of the valve over the full range of conditions. Some of the 
largest valves of their class are of Larner - Johnson type, amongst 
them the three 13 ft. by 7 ft. 6 in. and four 9 ft. by 7 ft. 6 in. regu- 


lators at Hume Dam, on the Murray River, Australia, certain of which appear in the adjoining photographic view. 


Full particulars from : J. Blakeborough & Sons Ltd., Brighouse, England. 





BE 
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THE LIFFEY POWER SCHEME FOR THE 
ELECTRICITY SUPPLY BOARD OF EIRE 


LEME TATION 


COMPANY .IMI 


The works illustrated above are those of the Liffey Power Scheme for the Electricity Supply 
Board of Eire, built in the years 1937/43; a repeat order for the works of the Erne Hydro- 
Electric Scheme—a development of 75,000 kVA—is rapidly approaching completion. 

The Cementation Company has had over twenty years’ experience in civil engineering 
construction and has unique experience in tunnel driving and shaft sinking under the most 
difficult conditions. 

Recent major contracts include the Clunie tunnel of the Tummel-Garry Hydro-Electric 
Development in Scotland—23 ft. equivalent internal diameter and nearly two miles long— 
the largest water tunnel in Great Britain; and an eleven mile section, wholly in tunnel, 
of the Haweswater Aqueduct for supplying water to the City of Manchester. On the latter 
contract, where conditions have proved to be exacting and arduous, scheduled progress has 
been maintained despite encountering heavy ground pressures and large water inflows of 
over two million gallons per day in one heading. 


BENTLEY WORKS — DONCASTER 


TELEPHONE : DONCASTER 54177-8-9 
‘ONDON OFFICE 39 VICTORIA STREET S.W.I - TELEPHONE ABBEY 5726-7-8 
21 
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COMPRESSED AIR ALWAYS ON TAP 





For sheer reliability, with a minimum of 
maintenance, Climax portable compressors 
are unbeatable. They are also exceptionally 
economical. Here are some of the reasons :— 


HIGH RUNNING SPEED 

The running speed of 1,440 r.p.m. enables 
the most economical size of motor to be 
used, since both diesel and petrol engines 
work much more efficiently at higher 
speeds. Thus weight and running costs are 
cut to a minimum. 


TWO-STAGE COMPRESSION 

Two-stage compression gives cheaper air, 
because less horse-power is required; 
cooler air, minimising wear on hoses and 
moving parts and reducing the risk of ex- 


CLIMAX ROCK DRILL & ENGINEERING WORKS LTD., 4 Broad Street Place, London, €.C.?. . Works: ‘Carn Brea, Redruth, Cornwall 


plosions in receivers ; drier air, eliminating 
‘* water hammer” and excessive wear. 
ULTRA-LOW-LIFT VALVE 

Advanced valve design secures low power 
consumption, astonishing smoothness and 
a longer trouble-free life. 

There are Climax Compressors, both port- 
able and fixed, in sizes and types suitable 
for every job. Let us send you full details. 


Please send for our illustrated Compressor Catalogue No. 113, which 
gives full details of the Climax range. 
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C L I M A xX PILE DRIVERS ROCK DRILLS PAVING BREAKERS RIVETERS "HIPPERS 
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AERIAL CABLEWAYS 
Henderson Aerial Cableways have 
solved the problem of raising, trans- 
porting and depositing concrete, 
shuttering and other materials for 





the construction of large Dams and 
Barrages. 

Henderson Cableways are being used for 
the construction of the Dams at Loch Sloy 
and Glen Shira, North Scotland, Hydro- 
Electric Board, and various other home 
and overseas undertakings. 


DERRICK CRANES 

Henderson Cranes are chosen so often 
because of their speed and versatility 
in lifting materials. Their safety and 
economy in operation are also assured. 
Supplied to many leading contractors 
Henderson Derrick Cranes of all types 
and capacities can be manufactured for 
steam, electric, petrol or diesel drive. 
Cranes can also be fixed or travelling 
types. Normal sizes are from 10 cwr. 
to 69 tons Load capacity. With jibs 
up to 120 feet. 








View of Henderson Cableways during the con- 
struction of the Claerwen Dam, courtesy of the 
Birmingham Corporation Water Works. Con- 
tractors Messrs. Edmund Nuttall Sons & Co., Ltd, 


Aerial Cableways 


AND DERRICK CRANES 
FOR HYDRO ELECTRIC SCHEMES 


WORKS ABERDEEN 


JOHN M HENDERSON AND COMPANY LIMITED KINGS 
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ENGLISH ELECTRIC 


current-limiting reactors 
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Installed at Beddington Switching Station 


Oil-immersed magnetic-shielded reactors for all 
duties and service voltages are manufactured by 
‘ENGLISH ELECTRIC’ for installation on electric power 
systems. 

The three-phase bank of ‘ENGLISH ELECTRIC’ single- 
phase 132 kV reactors shown in the illustration is 


installed in the Beddington Switching Station of the 


British Electricity Authority. The reactance is 18 per 
cent at the continuous rating of 90,000 kVA. Similar 
equipments are installed at other stations and further 
banks are on order. 

The 132 kV switchgear at Beddington is also of 
‘ENGLISH ELECTRIC’ manufacture, the air-blast circuit- 
breakers having a rating of 2,500 MVA. 








The ENGLISH ELECTRIC Company Limited 


QUEENS HOUSE, 


KINGSWAY, 


LONDON, W.C.2 


Transformer Department, Stafford 


Works: STAFFORD PRESTON 


RUGBY 


BRADFORD LIVERPOOL 
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LIKE BRITAIN... 


\ ar 


Efficient routine service, no less than enterprise, makes ‘ Brady 












a by-word in Canada too. This gear-operated bank of four 












steel shutters was recently fitted for the Dominion Textile Company 
Ltd., of Montreal. A standard roller-shutter installation, it is just 


one example of everyday service by Brady abroad. There as 





Brady shutters stand up to the in Britain, our organisation sets itself out to meet the normal 
most arduous climatic conditions—this 


is a Brady installation for Shipping ; , : 
f Containers Lid., in Montreal. and unusual roller-shutter specifications with equal efficiency. 




















G. BRADY & CO. LTD - ANCOATS - MANCHESTER 4 - Phone: COLlyhurst 2797/8 
LONDON : New Islington Works, Park Royal, N.W.10 BIRMINGHAM : Rectory Park Road, Sheldon 26 
CANADA: c/o DAVID C. ORROCK & CO. 1405 Bishop Street, MONTREAL 25. 














Manufacturers of Brady Hand and Power Operated Lifts 
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I 
Made in Great Britain by 
CERETTI & TANFANI ROPEWAY CO., LTD. 
IMPERIAL HOUSE - DOMINION STREET - LONDON - E.C.2. CLErxenweit 1777 (8 lines) 4 


Membe: 
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Hydro-electric Equipment 
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Two of the three 17,500 kVA. 11,000/66,000/ 
110,000 volt step-up transformers, installed at 
the Mettur Hydro-electric Power Station for 
the Madras Government. 


Core and coils being lowered into tank after 
final drying-out prior to shipment. 


For all plant required for Hydro-electric 
Power Schemes—Consult BTH 


re. . ca Ce 





BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO. LTD., RUGBY, ENGLAND 














Member of the AEl group of companies 
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This photograph shows 
the difficulties encountered 
in laying pipes in running 

sand. Note the collapse 
of the side of the trench 

and the permanent water 


level of 2 ft. 6 ins. below 





the ground level. 


Contract carried out by 
Messrs. Yarwood ( Altrinc- 
ham ) Lid. on housing site 
at Middlewich, Cheshire 


Another view of the same 
trench after dewatering 
by Millars’ Wellpoints 

and excavated to a depth 

of 10 ft. Sides of the 
trench are steeply battered 
and only the minimum of 


timber used. 


Write for further details to Dept. WP 12 


MILLARS’ MACHINERY COMPANY LIMITED 


Head Office : THORLEY WORKS . BISHOP’S STORTFORD - HERTS. Telephone : Bishop’s Stortford 694/5 
Wellpoint Dept.: CROMFORD HOUSE - CROMFORD COURT - MANCHESTER 4. Telephone : Blackfriars 8813/4 
g 33.663 
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ALTERNATORS 


for Hydro-Electric Power Stations 


Ww NY es | 





Mounting in our Works of a new 30,000 kVA - 
6,600 Volts - 333 R.P.M. vertical-shaft alternator. 

This machine will equip the DELCOMMUNE Power 

Station, N’zilo Falls, and will contribute, with two 

other identical Units now under construction, to the 

industrial development of the Belgian Congo. 


ATELIERS be CONSTRUCTIONS CLECTRIQUES be CHARLEROI 
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Rolling back a frontier 








Near Paulo Afonso velopment program of Brazil’s Companhia Hidro 
Falls on Brazil’s Sao Eletrica do Sao Francisco. With big Westing- 
Francisco River—gate- house waterwheel generators converting Sao 
way to the country’s interior—workers are con- Francisco River power into electrical energy, 
structing a diversion dam 32 feet high and more these huge stations will supply power for 50 
than 2!/, miles long, one of three which will divert cities, including Recife and Salvador, for rural 
me water into tunnels leading to a power station electrification, industrial development, agricul- 
., eg carved out of solid rock 262 feet underground. ture, flood control and irrigation. 
shies Here the water will spin hydraulic turbines con- Keystone of this ambitious project, Paulo 
wee nected to three 60,000 kw Westinghouse water- Afonso represents years of planning by top Bra- 
me 38 wheel generators to produce electrical power. zilian engineers. To Westinghouse it represents 
S cee Paulo Afonso is one of four similar stations another opportunity to help the people of Brazil 
{ to be erected in the area as part of the giant de- expand their industrial horizons. 





Three of these 60,000 kw Westinghouse water- 
wheel-driven generators will be installed at 
Paulo Afonso. Westinghouse builds water- 
wheel generators, horizontal or vertical, in a 
wide range of ratings, frequencies, speeds 
and voltages for all power developments. 


YOU CAN BE SURE 


WESTINGHOUSE ELECTRIC INTERNATIONAL COMPANY 
40 Wall Street, New York 5, U. S. A. 
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HE two illustrations show views of a 

section of the Lochaber Power Scheme, 
which involved the construction of three 
large Dams, about twenty miles of concrete 
lined Tunnels, five Pipelines each 3,200 feet 
long, a Power House, Factory foundations, 
Tail Race and ancillary works. 


BALFOUR BEATTY £ Co. Limited 


_— 


6 QUEEN STREET, LONDON, E.C.4. Telephone : CITY 2046 (15 lines) Telegrams : RUOFLAB, CANNON, LONDON 


EDINBURGH BAGHOAD NAIROBI BUENOS AYRES 
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5 " by Blaw Knox—another 


accepted for the 275kV. 
Clyde Mill to West Melton 










Main Contractors 


Balfour Beatty & Co Ltd and 
British Insulated Callender’s Construction Co Lcd. 


insulators by... 
Pilkington Bros. Led., St. Helens, 






a AW is - 


BLAW KNOX LTD - 90-94 BROMPTON ROAD - LONDON S.W.3. 


TEL: KENSINGTON SiSi - GRAMS: BLAWNOX - SOUTHKENS - LONDON - CABLES: BLAWNOX - LONDON 
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The Age of the Super-Specialist 


IME was when the professional engineer applied 

his skill to a diversity of crafts. Short of citing 

da Vinci, that paragon of artistry and ingenuity 
whose like we may but see at millennial intervals, 
there have been lesser giants who were not afraid of 
forays into fields beyond their own. As a fleeting 
illustration, it was a civil engineer who designed a 
ship that was fifty years ahead of her time: the “Great 
Eastern”; and Brunel’s assistant on that enterprise, 
also a civil engineer, established the empirical laws 
of ship propulsion. Neither engineer had had any 
training in naval architecture. 

But with the onrush of scientific discoveries in the 
nineteenth century the all-rounder drifted towards 
specialisation. Boughs were thrown out from the 
parent trunk: first, the three main limbs of civil, 
mechanical and electrical engineering; then followed 
the prime branches from each of these: the structural 
engineer, the reinforced-concrete engineer, the steam 
and the diesel engineers, the various forms of the 
electrical engineer; and then the twigs, the host of 
“ ologists,” that have burgeoned so riotously in recent 
years that in the exuberance of their leafiness the bole 
is fast becoming obscured. We are, it seems, in this 
age of the super-specialist in some danger of not being 
able to see the trunk for the twig. 

This is far from being a condemnatory reference 
to the super-specialist as such. He is one of the in- 
evitabilities of technical evolution. The danger lies 
in forgetfulness of the sap that provides common 
nourishment to the twig and the trunk; and the twig’s 
proper blossoming, neither too flamboyant nor too 
anaemic, must be regulated ultimately by the healthy 
functioning of the trunk. As we see it, the trunk of 
the engineering tree is best represented by the con- 
sulting engineer, whose increasing responsibility it 
now is to maintain the broad vision when all about 
are taking specialised views, which can only rightly 
and properly be regarded when seen as a whole. 

It would be an error to look upon all of our infant 
“isms” and “ologies” as new. We have the newly 
arrived rheologist today; but it was some twenty 
centuries ago that Heraclitus told us: “All things 
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flow”; and his “all” may well be underlined. The 
plastic flow of rock in Alpine tunnels is now ap- 
parently a subject for the super-specialists’ study. Nor 
can it be said that the current findings of the neo- 
sciences were neglected in the works of the old masters 
of engineering. Telford, no doubt, was by intuition 
his own soil-mechanics consultant; and Rennie would 
perhaps have been mildly surprised had he been told 
to call in a geophysicist. They were intuitively 
conscious of the then obscure facets of their callings. 
But there can be no cavil at today’s super-specialist 
on principle. He is invaluable in his elimination of 
guesswork in a multitude of aspects of engineering. 
The problem is to ensure that his contributions to 
technical advancement are so garnered and sifted as 
to emerge only in a balanced and integrated con- 
ception; and for this we should look to the consulting 
engineer. 

We do not here propose to enter the debating arena 
on the subject of the relative value of the functions 
of the consulting engineer as he has evolved and as 
he is known in Britain today; whether he should be 
a genius or simply a man of sound common sense 
knowledgeable in technical principles; or whether he 
should be a bulwark between the client who wants a 
structure and the contractor and manufacturer who 
build and equip that structure; or whether he should 
fulfil the convenient role of providing a pool of tech- 
nical experience from which established bodies and 
administrations may draw the resources for under- 
taking special works without the necessity for tem- 
porary expansion in themselves; or whether, indeed, 
he should follow the growing overseas practice of 
turning himself into engineer and contractor combined 
to deliver the goods, as it were, to the client direct. 
Regrettably, it is to be observed that the consulting 
engineer of today shows an inclination to specialisa- 
tion which gives cause for apprehension. If the parent 
stem should split further than it has, the question is, 
how shall the twigs fare? 

Perhaps in no field of engineering is there so much 
need for complete co-ordination of specialist know- 
ledge as in that of water-power generation. Here we 
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have the civil engineer with his structural expert, his 
materials engineer, his hydro-dynamic specialist and 
so on; the mechanical engineer topping the pyramid 
of metallurgists, motive-power specialists, machinists; 
the electrical engineer and an array of generation and 
transmission engineers and their electronic specialists. 
Docks, canals, railways, roads, dams, power plants, 
factories; heating, lighting, air conditioning, telecom- 
munications — everything to be thought of and an 
expert for everything; but the dovetailing of the 
wealth of expertise that is available today may show 
a tendency to roughness unless the consulting engineer 
stoutly resists the drift to specialisation in himself. 

It is in many ways a pity that the first diversion 
of professional thinking into the three primary chan- 
nels of civil, mechanical and electrical engineering was 
not more strongly resisted. There can be few con- 
sulting organisations today who retain within their 
professed capabilities, and within their four walls, 
the threefold function. Complete co-ordination has 
naturally been the watchword in projects embracing 
two or all three functions, but it might be questioned 
if the optimum co-ordination can ever be achieved 
between self-professedly different organisations. Even 
under working arrangements of the most harmonious 
nature and with the closest physical propinquity of 
offices, it is a moot point whether real streamlining 
of a scheme conjointly undertaken can really be 
achieved. 

The dividing band of marginal responsibility be- 
tween, say, the civil engineer and the electrical 
engineer in a power station project can be very ill 
defined; and even the obstacle of the walk of a few 
hundred yards from office to office may form that 
little more which means so much in the propagation 
of errors and misunderstandings. Let the civil and 
electrical draughtsmen work within the same walls, and 
the frequent brief conversations from board to board 
will ensure that the cable ducts in the concrete walls 
are not forgotten; and so at all levels. If there is just 
cause to believe that the basic specialisation of engin- 
eering into its primary civil, mechanical and electrical 
forms does, in fact, reveal cleavage lines where none 
should be discernible there are real grounds for alarm 
at the rise of the super-specialist. 

No matter how formidable his title in the jargon 
of the “ologies,” the super-specialist is essentially 
but a cell in a brain that is simply and plainly 
labelled “engineer”; and it is largely the duty of the 
consulting profession to provide the organisations 
wherein specialist and super-specialist may literally 
rub shoulders, thereby keeping themselves eternally 
aware of a common origin in practical ingenuity. 


British Standard for Reinforced-Concrete 
Transmission Poles 


BritisH STANDARD BS. 607:1951 covering re- 
inforced-concrete poles for electrical transmission 
lines up to 11 kV has recently been revised to clarify 
design requirements and test procedure. The deter- 
mination of cross-sectional dimensions has been left 
to the manufacturers in order not to restrict design 
so long as the poles comply with the test load require- 
ments. The classification of poles has been simplified 
and a new class has been included, which is lighter 
than the classes previously covered, so that there are 
now in all six classes based on minimum transverse 
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loading tests applied 2 ft. trom the top. Appendic 
have been included recommending the use of thi 
classes of poles for supporting transmission lines ai 
recommending the provision of fixing holes for t 
attachment of the usual fittings. Where these po! 
are used for high-voltage lines up to and includi 
11 kV details of pole fittings are covered by B.S. 13° 
“ High-voltage overhead lines on wood poles.” T! 
specification contains information regarding construc- 
tion, materials, method of manufacture, together with 
standard lengths and loadings. The tests given cover 
type tests and proof tests. 


— 6 
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National Trust 


Me. J. F. W. RATHBONE, secretary of the 
National Trust, said recently that the British Electricity 
Authority’s proposed hydro-electric schemes in North 
Wales constituted the most serious menace to its pro- 
perties that the National Trust had ever had to face. 
Mr. Rathbone, accompanied by Mr. Humphrey P. 
Evans, National Trust representative for Wales, had 
just completed a tour of the areas involved in the 
Conway and Mawddach schemes. Mr. Rathbone said 
that the Conway scheme affected 26,000 acres of the 
Penrhyn estate which had just been acquired by the 
Trust from the Treasury and he was bringing the 
matter before the executive committee of the Trust. 


Small Hydro-Electric Plants in Hungary 


In July a number of technical groups began investi- 
gations to choose suitable places for the construction 
of small hydro-electric plants in Hungary. Most of 
the plants would be built in Transdanubia and north- 
ern Hungary, where there were more rivers and 
streams with a sufficient drop in their flow. The tech- 
nicians will make 250 surveys, and plans for the 
construction of a number of dams and the necessary 
machinery are already in hand. It is estimated that 
the small plants will help considerably with the electri- 
fication of villages and will relieve the pressure on 
coal-burning generating stations, resulting in the 
annual saving of about 4,000 wagons of coal. 


Polish University College 


THE Polish University College is administered by 
the Ministry of Education through the Committee for 
the Education of Poles in Great Britain, and the rules 
of admission and other regulations are in line with 
those in force for British ex-service students who are 
in receipt of grants under the Further Education and 
Training Scheme. The scheme was conceived in 1942 
with the intention of providing facilities for Polish 
servicemen whose studies had been interrupted by the 
war, with the object of forming a nucleus of trained 
engineers and architects to assist in the rehabilitation 
of Poland when the war was over. This design was 
frustrated by the course of events and the studies now 
being undertaken have the objective of providing 
Polish students with British qualifications so that they 
can take part in the professional life in this country. 
The student population is now 719 and at a Degree 
and Diploma Ceremony held in Chelsea Town Hall 
recently an opportunity was taken to bring as many 
of the graduates as possible together. 

An address was given by Sir Harold Claughton, 
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C.B.E., M.A., the Principal, who spoke of the diffi- 
culties encountered and the success that had been 
achieved. In the first place some of the staff have not 
previously been professional teachers before and 
students were not only handicapped by language diffi- 
culties but also had to adapt themselves to new 
methods of training, but all obstacles have been suc- 
cessfully overcome. Since 1947, of some 550 students 
who have graduated, 132 have become civil engineers, 
113 mechanical engineers and 72 electrical engineers. 
Other students have taken up architecture, chemical 
engineering, economics, mining and metallurgy. 


A New Model Technique 


IN this issue we give a review of the technique of 
the investigation of coastal problems by means of the 
tidal model and of current progress being made in 
that technique. The modelling of the world in minia- 
ture has a deep rooted fascination for boy and man, 
nowhere better voiced than by Swift in his Lilliputian 
fantasy; but the model, particularly that model in 
which the natural forces of terrestrial sculpture can 
be reproduced and their effects observed, has ad- 
vanced far beyond the status of a plaything. Since its 
first scientific application to the problems of the shift- 
ing shoals of the Mersey nearly seventy years ago 
the tidal model, always with gradually improving 
mechanism and widening scope, has become a trusted 
aid to the engineer; and perhaps no engineer will be 
more appreciative of its possibilities than he who 
turns to the vital study of tidal power. In face of the 
ever-growing demand for electric supply, a demand 
that threatens to outstrip the thermal and hydro 
potentials, the enlistment of tidal forces looms large 
on the power engineer’s horizon. 

The tidal model has until very recently suffered 
from certain mechanical defects in the accuracy with 
which natural phenomena could be reproduced. It is 
now passing the stage of trend indication to enter 
that of quantitative reproduction and prediction, and 
we are privileged to publish elsewhere in this issue the 
first full account in Britain of certain novel and signi- 
ficant advances in technique towards that end, which 
have been made in the laboratory of Sir Bruce White, 
Wolfe Barry & Partners, the consulting engineers. 

These somewhat revolutionary methods will no 
doubt rouse interest if not controversy among the 
increasing band of model investigators and model 
adherents everywhere. 


Aluminium Company of Canada 


AccorpING to the Vancouver correspondent of 
the Financial Times, there is a strong probability that 
the Aluminium Company of Canada’s gigantic project 
in British Columbia may be expanded still further, as 
U.S. Government officials are now reported to be 
urging the company to produce still more aluminium 
than was originally contemplated. Completion of the 
British Columbia plant four years hence is expected 
to involve an expenditure of $550,000,000 of which 
$160,000,000 will be spent on the first phase of opera- 
tions including a dam, tunnel, power house, and roads 
on which over 3,000 men are already working at high 
speed. Contracts for three turbines have been given 
to Vancouver Engineering Works, Canadian Allis- 
Chalmers and Dominion Engineering, and three 
generators will be built by Canadian Westinghouse, 
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Canadian General Electric and the English Electric 
Company. 


Victoria Water Tunnel 


Two French engineering companies will take their 
own workmen and plant to Victoria to drive a tunnel 
for 2} miles through the mountains in the north-east 
part of the State. The project is part of Victoria’s 
State Electricity Commission programme for increas- 
ing its hydro-electric power. The contract for the work 
has been let to the two companies jointly. The work 
is to be carried out over the next two years and will 
cost £A790,000. The Electricity Commission’s own 
workmen will construct three-quarters of a mile of the 
tunnel and the French engineers the remainder. The 
tunnel will carry water to a pipeline which will in turn 
feed a power station connected with the Kiewa 
scheme. 


Order for Italy 


THE Tasmanian Government has placed a large 
order in Italy for the supply of transmission towers 
for its hydro-electric undertakings. The British steamer 
Port Lincoln picked up the first shipment of 400 tons 
at Antwerp where, because of the shortage of ship- 
ping, the steel towers had to be sent by train from 
Italy. Plans for two new schemes in Tasmania to be 
operating by 1955 were recently submitted to the 
State Government by the Hydro-Electric Commission. 
The total cost is estimated at £A16,500,000. The 
generating capacity planned is 180,000 h.p. 


£6 Million Contract 


Ba trour, BEATTY & CO. LTD. have been 
awarded the first contract, amounting to approxi- 
mately £6,000,000, for the construction of the Wadi 
Tharthar project in Iraq by the Development Board 
on behalf of the Government of Iraq. This project, 
which is a flood relief of the River Tigris at Samara, 
diverts the flood waters into the Wadi Tharthar de- 
pression, and the first contract consists of the con- 
struction of a canal 40 miles in length. It is the first 
of a series of major projects adopted by the Govern- 
ment of Iraq in their programme for the development 
of the country and the raising of the standard of living 
of the people. 


Visit to Glockner-Kaprun 


Mensers of the Iron and Steel Institute, on a 
recent visit to Austria, set out to see the Glockner- 
Kaprun hydro-electric works. Designed to develop the 
power potentialities of the Kapruner. Ache and the 
glacier mass to its southward, the works are now 
being carried out by the Tauernkraftwerke A.G. The 
Limberg dam, nearly complete, is creating the Wasser- 
fallboden reservoir, with a top water level of 1,672 m. 
From this reservoir a pressure tunnel 8-9 km. long 
carries the water to headworks and a surge shaft 
above the Kaprun power station. Upstream of the 
Wasserfallboden two more dams under construction 
will create the Mooserboden reservoir with a top water 
level at 2,035 m. Thence a pressure tunnel is being 
driven to a point on the mountain above the Limberg 
dam, on the downstream side of which there remains 
to be built a power station. 
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Fig. 1. Aerial view of Hoover Dam and power plant 





The Control 
of Multiple-Purpose Projects 


Rolland F. Kaser discusses the integration of requirements for 
flood control, irrigation and hydro-electric power generation in the 
operation of multiple-purpose projects in the Western United States. 


HE concept of multiple-purpose reservoir utiliza- 
tion as practised today in the United States had 
not been developed when the Reclamation Act 
of 1902 was passed. This legislation, which created 
the Reclamation Service (now known as the Bureau 
of Reclamation) marked the beginning of full-scale 
development of the reservoir resources of the western 
United States. As in most new undertakings of this 
nature, the initial efforts were devoted to construction 
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of projects which were easy of accomplishment, at 
least in comparison with projects under construction 
today. 

The Reclamation Service was created primarily 
for the purpose of promoting irrigation, and the pro- 
jects undertaken during the early years were those 
which were feasible from the standpoint of that single 
purpose. It was not necessary, in those days, to 
attempt the more complicated projects which were 
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advocated by some of the pioneers, in order to 
occupy the attention and resources of the new con- 
struction organization, since numerous dam and 
reservoir sites were available on streams capable of 
providing ample water supplies and offering an 
opportunity for inexpensive development of fertile 
native lands. 

In the 47 years since the Reclamation Service was 
created, a process of evolution brought about by 
exhaustion of the supply of relatively simple and 
clearly feasible projects, together with new develop- 
ments in the art of hydro-electric generation and 
transmission, and the associated expansion of the use 
of electric energy, has resulted in the conception of 
multiple-purpose projects. It has been found possible 
in many instances figuratively “to kill two—in some 
cases three or four—birds with one stone.” For 
example, it was found that certain reservoirs, which 
were economically infeasible of development for the 
single purpose of irrigation, became feasible when 
consideration was given to 





which originally included a major power plant. This 
dam, which was one of the first built by the Reclama- 
tion Service and was an outstanding engineering 
achievement, was authorized in 1903. Construction 
began the same year and all of the original features 
of the project were completed by 1911. 

Experience in operation of these early projects 
quickly demonstrated that the new communities and 
industrial enterprises associated therewith created a 
power market which could not be ignored. Further- 
more, such power markets offered an ideal oppor- 
tunity for securing additional revenue for the pro- 
jects, thereby lessening the repayment burden on the 
farmer, without injury to the interests of irrigation. 
As a result of this experience, extensive studies are 
now made, prior to dam and reservoir construction, 
to determine the hydro-electric power potentialities 
of each site. Rates for the energy which can be 
generated are fixed in conformity with the established 
policy of providing low-cost energy. Costs of con- 
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Fig. 3. The generator floor of the Nevada (right-hand side looking downstream) side of Hoover power house, 
showing seven 82,500 kVA units. Note man on platform at top of unit in foreground 


struction, operation, and maintenance of the power 


features, as well as an equitable share of the costs 
of project features used jointly by two or more pro- 
ject functions, are allocated to power and are re- 
imbursable from power revenues. All project func- 
tions receive the economic benefits resulting from 
participation in a joint enterprise. Construction costs 
allocated to flood control, navigation, and to enhance- 
ment of fish and wild-life resources are non-reimburs- 
able, since they are considered a benefit to the country 
at large. 

Development of all of the potential functions of a 
dam or reservoir site also follows the policy of conser- 
vation of natural resources. Although benefits to irri- 
gation interests may be sufficient so that the con- 
struction, operation and maintenance costs are 
entirely repayable from revenue received for irriga- 
gation water delivered, it is in the national interest 
that the power head made available be utilized for 
generation of hydro-electric energy. Since uses of oil, 
coal, and gas are depletory of resources whereas fall- 
ing water represents a continually replenished energy 
source, it is of national importance that all potential 
economical hydro-electric energy be developed. 


Hoover Dam—an Example 
The Boulder Canyon Project on the lower Colorado 
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River opened a new era in multiple-purpose project 
development by the Bureau of Reclamation. Hoover 
Dam (also known as Boulder Dam) is the key struc- 
ture in this project. The Boulder Canyon Project Act, 
which became law on December 21, 1928, and 
authorized construction of this dam, contained the 
following provisions: 

**.. the dam and reservoir provided for by Section 
I hereof shall be used: First, for river regulation, im- 
provement of navigation, and flood control; second, 
for irrigation and domestic uses and satisfaction of 
present perfected rights in pursuance of Article VIII 
of said Colorado River compact; and third, for 
power.” 

It will be noted that the language quoted above 
from the original authorization act clearly set forth 
the purposes of the structure and established priorities 
for the several functions. Although it was necessary 
that the cost of the structure except for $25,000,000 
allocated to flood control, and of its operation and 
maintenance, should be repaid from power revenues, 
power was placed last in order of priority. This limita- 
tion need not be discouraging to power interests, since 
it is effective only whenever conflicts with the interests 
of flood control or irrigation occur, and fortunately 
such instances are rare. 

Lake Mead, the world’s largest man-made reser- 
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voir, has a storage capacity of slightly more than 
31 million acre-feet. Of this space, 9,500,000 acre- 
feet have been allocated to flood control. Since 
2,620,000 acre-feet are located below the sill of the 
lowest outlet, there remains 18,900,000 acre-feet (be- 
tween the lowest outlet and the bottom of the flood 
control reservation) for long-time hold-over storage 
for irrigation purposes, to be used in the event of 
several consecutive dry years. Since the turbines 
in Hoover power plant were designed on the basis 
of the assumption that the minimum reservoir eleva- 
tion would correspond to a storage content of 
10,600,000 acre-feet, practical considerations require 
that not more than 10,900,000 acre-feet of the 
18,900,000 acre-feet be utilized. This storage volume 
will provide water for power generation equal to the 
firm obligation which the Government has assumed 
under contracts with the several allottees for power 
from the Hoover Dam. 

The significance of the above figures regarding 
storage capacity in Lake Mead and its adequacy for 
regulation of the flow of the Colorado River, may be 
recognized by considering that the average annual 
inflow is about 14 million acre-feet whereas the re- 
quired annual release to supply downstream diversion 
requirements, under present conditions, is 6 million 
acre-feet. 

Since Hoover Dam still ranks as the outstanding 
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Fig. 4. Aerial view of Parker Dam and power plant 





example of its type throughout the world, the pro- 
cedures and rules used in its operation are worthy of 
presentation. 


Basic Rules for Operation of Hoover Dam 

Specific allocation of space in Lake Mead (the 
reservoir formed by Hoover Dam) to the individual 
purposes for which the dam and reservoir were con- 
structed has been limited to a more or less flexible 
allocation to the single purpose of flood control which 
is first in priority. This allocation to flood control is 
utilized as follows:— 

(A). On April 1 of each year in which run-off fore- 
casts (based on reports of precipitation and snow 
surveys in the Upper Colorado River Basin) indicate 
normal of greater inflow to Lake Mead, a total of 
9,500,000 acre-feet of space is made available below 
elevation 1,229. Elevation 1,229 is the maximum per- 
missible water level and is 7:6 ft. above the top of 
the spillway gates in raised position. Whenever 
stream-flow forecasts prepared before April | indi- 
cate prospects for below normal inflow it is permis- 
sible to conserve water by curtailing releases prior 
to April 1 so that the lake is not drawn down to 
provide the full 9,500,000 acre-feet of space. Con- 
versely, whenever early stream-flow forecasts indi- 
cate prospects for extremely large inflow, releases 
from Hoover Dam prior to April 1 are increased 
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Fig. 5. Interior view of Parker power house, showing four 30,000 kVA _ units 


sO as to provide reservoir space in excess of the re- 
quired 9,500,000 acre-feet to aid in control of such 
major floods. 

(B). During the period April | through July 31 of 
each year it is permissible to fill this 9,500,000 acre- 
feet of flood control reserve, so long as 2,500,000 
acre-feet of space below elevation 1,229 are available 
on August | to accommodate possible rain-flood 
inflow. This means that if more than 7,000,000 acre- 
feet of the flood control allocation is filled prior to 
July 31, it will be necessary to effect some draw down 
of Lake Mead prior to the end of July. 

(C). During the period August | through Septem- 
ber 30 of each year a minimum of 2,500,000 acre-feet 
of storage will be kept available for use in controlling 
rain floods. During rain floods, and immediately after- 
ward, the level of Lake Mead may rise to utilize all 
of this 2,500,000 acre-feet of space if necessary; how- 
ever, the Lake surface will be drawn down after each 
flood peak as fast as downstream channel capacities 
will permit to make the 2,500,000 acre-feet available 
again in the event another rain flood occurs. 

(D). During the period October | through March 
31 releases from Hoover Dam will be made at what- 
ever rates are necessary to draw the level of Lake 
Mead down so as to make available the specified 
amount of flood-control storage space on April 1. 
Except in very rare instances this drawdown can be 


448 


accomplished by power releases only, and in any 
event, water is not bypassed around the power plant 
until inflow forecasts indicate that such action is 
necessary. 


Hoover Releases Based on Inflow Forecasts 

Inflow to Lake Mead occurs primarily during the 
months of April, May, June, and July, and results 
from the melting of accumulated snow in the moun- 
tains of Colorado, Wyoming, and Utah. It is possible 
to predict the magnitude of such snow-melt run-off 
by use of its relationship with precipitation or snow- 
survey records. By means of these inflow forecasts 
for the April-July period (issued as of January l, 
February |, March 1, April 1, and May | of each 
year) it is possible to schedule releases from Hoover 
Dam to control the inflow by filling all or part of the 
flood control space as provided in Lake Mead. This 
encroachment of the flood-control storage reserve of 
April | provides increased head on Hoover power 
plant and conserves water for future irrigation and 
power uses in the event of the spring run-off in years 
following being deficient; thus the space is used for 
power and irrigation purposes as weil as for flood 
control. 

Seasonal inflow forecasts are prepared by the 
Bureau of Reclamation for use in programming 
operation of Lake Mead. The primary concern in 
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such long-range planning is that the required flood 
control space be available when needed and that re- 
leases are scheduled to accomplish that end. 

Second in importance to flood control come irriga- 
tion requirements. Satisfaction of this function re- 
quires that releases be sufficient to supply down- 
stream diversion requirements and that an adequate 
reserve of hold-over storage is maintained for use 
during future periods of drought. 

Adequate installed capacity has been provided in 
Hoover power-plant to permit utilization, for power 
generation, of all ordinary releases. Capacity in 
operation or in the process of installation total 
1,249,800 kW and the ultimate capacity will be 
332,300 kW. With such capacity, it will rarely be 
necessary to bypass water around Hoover power 
plant to fulfil the flood-control function. The firm 
energy obligation, which the power contracts con- 
template, has been established as the amount of 
energy shown by long-term operation studies to be 
deliverable each year except during the latter part of 
the most severe drought period known. Releases from 
Hoover power plant to generate the firm obligation 
(4,224,880,000 kWh—June 1949 through May 1950, 


and reduced thereafter at the rate of 8,760,000 kWh 
each year) will be more than ample to supply irriga- 
tion interests for many years to come, provided the 
monthly distribution is arranged to provide for the 
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Fig. 6. Aerial view of Imperial Dam (303 miles downstream from Hoover Dam), principal point of diversion 
for irrigation water on the lower Colorado River. Note All-American Canal desilting works at left centre 





April, June and July peaks of irrigation requirements. 


Power Scheduling fer Hoover Power Plant 

Power operations at Hoover power plant follow 
what is termed a “contract year,” which begins on 
June 1 and ends on the following May 31. Usually, 
generating schedules for the months of June and July 
and for the first part of August are fixed during the 
month of May on the basis of the May | forecast for 
snow-melt inflow to Lake Mead and on the expected 
storage content which such inflow would produce at 
the end of July. The schedule for the month of July 
is subject to modification on relatively short notice 
should forecasts for inflow during that month, as 
made on July | or as revised at intervals of about 
five days during the month, indicate that such action 
is (1) necessary to avoid exceeding the flood control 
level on August |, or (2) desirable to conserve reser- 
voir storage should actual inflow be much less than 
earlier predictions. 

Early in the month of August, after the actual 
April-July inflow is known, operations of Hoover 
power plant during the remainder of the contract year 
are programmed. The forecast for inflow to Lake 
Mead during the period August | through March 31 
is used in making this determination. This forecast is 
based on the correlation between records of actual 
April-through-July run-off and the following August- 
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Fig. 7. Artist's conception of Davis Dam and power plant 


through-March run-off. The range of error of this 
forecast is naturally quite large, since rain flood in- 
flow may occur during the months of August, Sep- 
tember or October and, of course, such floods are 
unpredictable for more than one or two days in ad- 
vance. This August | forecast, however, furnishes an 
indication of the future run-off during the autumn 
and winter months, which must be considered in 
planning operations to draw the surface of Lake 
Mead to the required April | flood-control level. A 
monthly schedule for operation of Hoover power- 
plant is adopted for the remainder of the contract 
year. This schedule is made subject to adjustment at 
later dates, when new information regarding future 
inflow will become available, in order to avoid de- 
pletion of hold-over storage or to comply with flood- 
control requirements. 

In accordance with this provision, the water-supply 
outlook is reviewed early in November, after the 
autumn rain-flood season, and the schedules for 
future months are revised as found necessary. A 
November | forecast for inflow during the period 
November | through March 31, based upon past ex- 
periences and the immediately antecedent run-off con- 
ditions, is prepared for use in such determinations. 

On January | the first forecast for the coming April 
through July snow-melt inflow is made. Obviously, 
since January | is early in the snow-accumulation 
season, the range within which the actual inflow is 
expected to fall is quite large. The*forecast is accurate 
enough, however, to provide a basis for modification 
of previously adopted generation schedules for the 
remaining months of the contract year or for the 
initiation of flood-control releases in the event inflow 
greatly above normal is indicated. On February 1, 
March 1, April 1, and May 1, additional forecasts 
for run-off during the snow-melt period are prepared. 
Succeeding forecasts, since they are based on greater 
portions of the snow-accumulation period, indicate 
a narrower range within which actual inflow may be 
expected to fall. As each forecast is prepared, opera- 
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tion studies for future months are made and modi- 
fications of previously adopted schedules of opera- 
tion for Hoover Dam and power-plant are put into 
effect as necessary. 

The procedures outlined above are followed under 
normal conditions wherein accumulated storage in 
Lake Mead and actual or forecasted inflows are suffi- 
cient to permit the surface of Lake Mead to fluctuate 
between the maximum allowable level and the flood 
control level on April 1 (storage fluctuation of 
9,500,000 acre-feet), at the same time permitting 
generation at Hoover power plant to equal or exceed 
the firm obligation. Whenever one or more dry years 
occur and the level of Lake Mead is drawn down, 
generation is restricted to the firm obligation 
(4,224,880,000 kWh for contract year 1949-50). Dis- 
tribution of such restricted generation in a manner 
best accommodating the energy-load curve would 
not require releases of water sufficient to satisfy down- 
stream requirements for irrigation and domestic uses. 
Since irrigation and domestic uses have priority over 
power generation, releases from Hoover Dam must 
be made so as to satisfy downstream requirements. 
This criterion may determine power generation 
schedules during the summer months when irrigation 
requirements along the lower Colorado River are 
greatest. When Davis Dam, now being constructed 67 
miles downstream from Hoover Dam, goes into 
operation, some regulatory storage may be drawn 
from the Davis reservoir to augment Hoover releases 
sO as to meet irrigation requirements in the United 
Mexican States in accordance with the Treaty of 
1944. Some curtailment of power generation at 
Hoover power plant during the summer months in 
order to permit correspondingly greater rates of 
generation during the winter months, may then be 
possible. 


Multiple-Purpose Reservoir Systems 
The next step in the eyolution of multiple use of 
reservoir resources involves the co-ordinated opera- 


WATER POWER _ December 1951 








tio 
air 
WI! 
gre 
it 
pre 
firt 
his 
du 
ree 
inc 
the 


led 
tra 
inc 


Cal 
nic 





SSS Ow ee 








tion of two or more such reservoirs as a multiple- 
purpose reservoir system. Co-ordinated operation is 
especially advantageous to power interests, since it 
almost invariably results in operating economies over 
and above those obtained by the independent opera- 
tion of the several power plants. 

Mention has been made of Davis reservoir, which 
will serve as an “ afterbay ” to re-regulate power re- 
leases from Hoover Dam, on a short-term basis, to 
conform with downstream requirements. Foremost 
among these downstream requirements are those for 
diversion of water from the river for irrigation and 
domestic use, both in the United States and Mexico, 
but requirements for power generation at Parker 
Dam, 88 miles downstream from Davis Dam, will 
also be considered. 

Davis Dam, an earth and rock-fill structure now 
nearing completion, will create a head of about 
130 ft. which will be used for generation of hydro- 
electric power. Davis reservoir has a total capacity 
of 1,818,000 acre-feet; however, as a practical limit 
in order to preserve minimum head on the power tur- 
bines, only about 1,100,000 acre-feet of this capacity 
can be utilized. Such an amount of storage may seem 
inconsequential when compared with the average 
annual release from Hoover Dam of about 12,500,000 
acre-feet (1942-1949) and the 28,427,000 acre-feet of 
capacity in Lake Mead above the lowest outlet; how- 
ever, it will be ample to re-regulate power releases 
from Hoover Dam, on a seasonal basis, to conform 
with downstream requirements. 

Parker Dam, which is primarily a diversion dam 
built to provide a forebay for the pumping plant 
which starts a supply of domestic water on its way 
to coastal cities in Southern California (via the 
Colorado River Aqueduct of the Metropolitan Water 
District of Southern California), provides a power 
head of about 80 ft. Havasu Lake, the reservoir 
formed by Parker Dam, has a total capacity of 
717,000 acre-feet; however, contracts stipulate that 
not more than 216,500 acre-feet can be used for flood 
control and river regulation. 

The Davis and Parker power plants will be fully 
co-ordinated and their operation will be integrated 








with Hoover power plant by means of a “storage 
credit” account. Under this procedure, energy will 
be delivered to the Hoover system from the Davis- 
Parker system to build up a credit account, which 
may be drawn upon at other times. Energy thus de- 
livered to the Hoover system is delivered to consumers 
as Hoover energy and when “stored energy ”’ is re- 
quired by the Davis-Parker system it must be 
generated at Hoover power plant. 

By the employment of a storage credit system, 
power projects authorized and constructed under 
plans for independent operation may secure benefits 
from co-ordination, even though they are operated 
by different agencies. The storage credit account is 
the device which makes it possible to correlate the 
seasonal differences in requirements of water for 
power production and water for irrigation or other 
uses. Receipt of such energy on the Hoover system 
reduces the draft on Hooper power plant, thus re- 
ducing releases of water from Hoover Dam, which in 
turn reduces the water supply at Davis and Parker 
Dams and serves as a balancing influence. The situa- 
tion is reversed when Hoover releases provide insuffi- 
cient water for power generation at downstream 
plants, but is equally advantageous. 

Attention has been given in this article to opera- 
tion of multiple-purpose developments on the lower 
Colorado River, with special emphasis on Hoover 
(Boulder) Dam, merely because the author is more 
fully informed regarding that system than others. 
Multiple-purpose reservoirs or reservoir systems in 
the Salt River Valley of Arizona; in the Central Val- 
ley of California; in the Columbia River Basin in 
Montana, Idaho and Washington; on the Missouri 
River in Montana, North Dakota, and South Dakota; 
in the Platte River Basin in Colorado and Wyoming; 
in the Wisconsin River Valley in Wisconsin (non- 
federal ownership and operation); in the Delaware 
River Valley in Delaware, New Jersey, New York 
and Pennsylvania; in the Tennessee Valley Authority 
system in Tennessee, Virgina, North Carolina, 
Georgia and Alabama; or at other locations in the 
United States, could have served as well to illustrate 
the integration of interests required. 





Cornish Engineers 


The business of Holman Bros. Ltd., of Camborne, 
has been built over the past 150 years by five genera- 
tions of the Holman family and although it did not 
aim originally to provide more than the local mines 
with engineering services of various kinds it has 
gradually expanded during the course of years until 
it now enjoys a world-wide reputation and sends its 
products to all parts of the globe. The history of the 
firm is essentially that of the Holman family and this 
history is told in an interesting and beautifully pro- 
duced book by Bernard Hollowood, who takes his 
readers back to the days of Trevithick (with whom, 
incidentally, Holmans were intimately associated) to 
the manifold activities in which the firm was engaged 
during the recent war, and to the expansion that has 
led to the vast array of agencies overseas. The illus- 
trations are of exceptional merit and interest and 
include reproductions of paintings by Terence Cuneo, 
who appears to us to be one of the few artists who 
can combine a fine artistic competency with a tech- 
nical accuracy for engineering details. 
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British Standards 1951 Yearbook 


The new edition of this invaluable reference work 
has just been published. Well over half of its 400 
pages are devoted to a list of the 1,700 British Stan- 
dards current at December 31, 1950, with a brief 
description of the subject-matter and scope of each 
one. A complete subject index simplifies reference. 
In addition, a supplement listing the British Standards 
issued between January | and March 31, 1951, is 
included. The yearbook also lists the current mem- 
bership of the General Council, which guides the 
Institution’s general policy; of the four Divisional 
Councils directing the standardisation work; and of 
the 56 Industry Standards Committees, each repre- 
senting a major British industry, and through which 
that work is delegated to some 2,000 Technical Com- 
mittees and Subcommittees, whose members bring 
specialist technical and commercial knowledge to bear 
upon every standardisation project dealt with. Copies 
of the Yearbook may be obtained from the British 
Standards Institution, Sales Deparment, 24 Victoria 
Street, London, S.W.1, price 7s. 6d. each, post free. 
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Trends in Earthing Practices 
in [Transmission Systems 


Eric T. B. Gross, Professor of Power Systems Engineering, Illinois 
Institute of Technology, Chicago, discusses this subject in relation to 
practice in the United States of America.* 


EUTRAL-EARTHING is one of the most im- 

portant factors in the design and operation of 

high voltage transmission systems, since practi- 
cally every problem in systems engineering is either 
directly or indirectly influenced by the method of sys- 
tem grounding that is selected. For the past three or 
four decades, the question of how to ground the 
neutrals of power systems has been foremost in the 
minds of electrical power engineers; many views have 
been expressed, and their divergency has often led to 
heated discussions which today still make interesting 
and sometimes amusing reading. 

As early as about 1910, it was well recognised that 
earthing the neutrals of power transformers through 
low impedances leads to large short circuit currents. 
However, it was only after our early systems had been 
in operation with solidly earthed neutrals for many 
years that the real advantages of this method, namely, 
reduced dynamic overvoltages and switching surges, 
were fully realised. The inductive effects produced in 
nearby communication circuits by large ground fault 
currents have decreased in importance, because the 
general practice of fast relaying limited their severity 
and because modern communication systems are less 
sensitive to these and similar disturbances. Our know- 
ledge of overvoltage phenomena, including switching 
surges and lightning, and of possible disturbances 
caused by unsymmetrical short circuits has greatly 
increased since the early days of power transmission 
at very high voltages. Therefore, we are now able to 
approach the earthing problem of electric power sys- 
tems with all its consequences in a true scientific 
manner. 

Any analysis of present-day earthing practices will 
show the influences of research and experience in this 
field only in trends which indicate possible future 


*This article is based on a recent lecture presented to the Midwest Power 


changes. It is not economically justifiable to change 
earthing methods on existing transmission systems 
suddenly or greatly, even if they may be considered 
obsolete when reviewed on the basis of our advanced 
knowledge of today. However, it is important to re- 
view engineering practices from time to time, since 
they may otherwise become a matter of habit, and 
thus exclude all advances of the art. It is well to 
point out that due consideration should also be given 
to practices in use abroad, since the only real dif- 
ference between our systems and those abroad is the 
operating frequency which is 50 cycles in many 
countries. Therefore, it is only logical to conclude 
that the gcaeral trend abroad should be the same 
as in the United States, and the more recent reports 
concerning solid neutral grounding of systems operat- 
ing above i115 kV bear out this conclusion. 


Analyses of Grounding Practices: Effectively Earthed 

Systems 

In the latest A.I.E.E. committee report on Ground- 
ing Practices are summarized data received from 
most of the high voltage transmission systems in the 
United States'. The report covers transmission sys- 
tems operating at 22 kV and above, and Figs. | and 
2 are based on these data. A voltage of 70 kV is a 
logical dividing line, since the transmission systems 
at higher voltages are now solidly earthed with only 
a few exceptions. 

In most of the “reactance earthed” systems 
represented by one section of Fig. 1, reactances are 
used not only to reduce somewhat the single-line to 
ground fault current but to maintain it at such a 
value that the system is still “ effectively grounded,” 
which means that the ratio of X, to X, (as viewed 
from the point of fault) does not exceed a value of 
about three, and the ratio of R, to X, does not ex- 
ceed a value of about one. These ratios are of im- 
















































Conference, sponsored by Illinois Institute of Technology, Chicago 

100 100 
”) 
= ¥ RESONANT 
= 
£ 90 - 80 + 
7) wo 
uw a ce 
re) L prci——__ REACTANCE 
5 ° 
rw SOLID 5 
“ 80 - + + & 60 
& 
o ra 

a 
SOLID 
70 40 . ~ 
1925 1930 1935 1940 1945 1925 1930 1935 1940 1945 


Fig. 1. Earthing of power systems above 70 kV 
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Fig. 2. Earthing of power systems 22 to 70 kV 
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portance since they influence not only the short cir- 
cuit current but also the magnitudes of dynamic and 
transient overvoltages under certain unbalanced fault 
conditions. 

For many years there has been a trend towards 
solid neutral earthing at voltages above 70 kV. As a 
matter of fact, solid neutral earthing was introduced 
into the United States in about 1910, when it had 
become evident that a large fraction of all the faults 
occurring on the then ungrounded (delta) transmis- 
sion systems were single-line to ground faults which 
developed into short circuits between phases. Solid 
neutral earthing seemed like a radical solution, to be 
sure, but it did not really mean an increase in the 
number of disturbances, since many of the faults 
would now remain single-line-to-earth short circuits 


100 


A= TOTAL 
B = TEN MINUTE RATING 
C =EXTENDED TIME RATING 


80 


a 
ie) 


COILS IN SERVICE 
p 
° 





1°] 
1920 1925 1930 1935 1940 i945 1950 


Fig. 3. Earth fault neutralisers in service in the United 
States 


and not any longer develop into inter-phase faults. 
Single-line-to-earth faults at that time were easier to 
relay, as is clearly indicated by relaying practices 
which have continued to this date. Evidence of this 
is the fact that newer and naturally more complicated 
relay systems are now in use for inter-phase faults, 
whereas the application of inverse-time overcurrent 
directional relays, using residual (zero sequence) cur- 
rents for the detection and elimination of ground 
faults, is still the practice preferred in many systems. 
However, there are known today many factors which, 
if due consideration is given to all of them, lead to a 
preference of solid neutral earthing at voltages above 
70 kV because it is then possible to effect a saving 
in the initial cost of equipment and installation. 

Since the main arguments in favour of solid neutral 
grounding are based on the fact that such systems are 
less expensive, it is well to discuss this aspect of the 
problem here. Considerable saving in insulation is 
possible only if the system is everywhere effectively 
grounded and if, in addition, steps are taken to limit 
dynamic overvoltages to the same low levels if they 
are produced by other causes than ground faults. 
Some factors which must be considered are: generator 
and system overvoltages after sudden loss of load, 
limitation of normal maximum operating voltages to 
their original design values, salient pole generators 
without damperwindings or with damperwindings 
with reduced effectiveness (non-connected)*; it is fur- 
ther necessary to install overhead ground wires (static 
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wires) for the shielding of station switchyards and on 
incoming overhead lines for at least one mile out of 
the station. 

If it is made certain that all dynamic overvoltages 
will be limited without exception to values equal to 
or less than those obtained in the special cases of 
ground faults with effective system earthing, lightning 
arresters (or surge diverters as they are more appro- 
priately called in Great Britain) with reduced rating 
should be used. The voltage level of protection of 
such lower rated arresters will permit the selection 
of transformers and other high voltage equipment 
that are designed for a lower basic insulation level 
(BIL). Such design will, of course, result in savings 
which become considerably larger at higher voltages. 

It can be expected that the good results obtained 
during a number of years of operation on some sys- 
tems at 115 kV and above, in which equipment with 
reduced BIL’s has been used, will influence the trend 
to effective neutral earthing in such systems. The sav- 
ings in 115 kV systems, when 92 kV equipment is 
used, are moderate if expressed in per cent. of the 
equipment cost, but they may still add up to a con- 
siderable amount if all the high-voltage equipment 
needed for many stations is properly considered. Of 
course, the saving at higher voltages, 138 kV, 161 kV, 
etc., is considerable, since the price difference in 
equipment is greater. Furthermore, it may be that 
the “reduced insulation level” could be further 
lowered in the classes above 115 kV operating volt- 
age. The ratio of X, to X, generally decreases with 
increasing voltage and may approach the value of 
one or even less. 

Since the savings are so great with reduced insula- 
tion level, 1t seems worthwhile to spend a fraction of 
the savings on an increased safety factor. As an 
example, consider the various types of damper- 
windings on salient-pole alternators. A non-connected 
damper with a ratio of X”, to X”, equal to 1:35 may 
be satisfactory, but this value has been found in a re- 
cent investigation to be close to the borderline case. 
It is not more than good practice and straight com- 
mon sense to use connected dampers in all cases, since 
a ratio of about 1-1 (instead of 1:35) can be achieved 
with connected dampers at only a slight increase in 
cost; it may well happen that unforeseen system 
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changes will require later improvement of the dam- 
perwindings which, though possible*, will be more 
expensive than the cost differential in the original 
design. 

One apparent disadvantage of solid neutral earth- 
ing is the effect of ground faults on line-to-line volt- 
ages in the form of voltage dips. However, the com- 
bination of modern high-speed relays and of ultra- 
high-speed circuit-breaker reclosing has eliminated 
all objections. Since this equipment is needed anyway 
to control interphase faults, its cost should not be 
charged against this earthing method. The same 
reasoning applies to the cost of overhead ground wires 
(static wires) and of low tower footing resistances, 
since they not only prevent earth faults independently 
from the neutral grounding method in use, but also 
help to prevent interphase faults and back flashovers 
from the towers to the phase conductors. 

It is safe to predict that solid neutral grounding 
will be applied increasingly in systems at voltages of 
115 kV and higher. The practice of using groundwires 
aS a preventive means, ultra-high-speed reclosers on 
circuit breakers, and cheaper equipment with lower 
BIL’s will be continued. The greatest change is ex- 
pected in the circuit breaker field which has very little 
direct connection with the earthing problem though 
there is a relation with regard to the selection of the 
BIL. The results of the most recent large-scale tests 
made by the Bonneville Power Administration and 
the Bureau of Reclamation seem to indicate that 
great improvements can be expected from recent de- 
velopment work with high voltage, high-capacity air- 
blast breakers and with low oil content circuit 
breakers. 


Analyses of Grounding Practices: Resonant Grounded 

Systems 

In addition to solid neutral earthing, there are 
many other methods in use at voltages from 70 kV 
to 22 kV, as Fig. 2 clearly indicates‘. In this voltage 
range, with the exception of lightning arresters, only 
equipment with the standard BIL has been installed, 
with the result that solid neutral grounding is not 
accompanied by the same savings in the cost of high 
voltage equipment as can be achieved in systems 
operating at and above 115 kV. However, when a 
high isoceraunic level combined with the effects of 
somewhat regular hurricanes—in Florida for example 

necessitates the use of the most advanced relaying 
and the fastest breaker and reclosing equipment, solid 
neutral earthing at 69 kV is the most economical 
means of eliminating also the effects of ground faults. 
Any other earthing method would further increase, 
by the cost of current-limiting devices, the already 
high expenses for ultra-high-speed relaying and re- 
closing. Auto transformers may possibly reduce the 
initial cost of some substation installations, and the 
smaller reactance of such auto transformers will in- 
fluence favourably transient stability conditions. How- 
ever, conditions will be quite different in systems be- 
low 70 kV in which fast relaying is not needed, or 
cannot be installed because of its high cost°. 

Fig. 2 indicates that the number of unearthed 
(delta) systems and of resistance-earthed systems is 
on the decline, whereas resonant-earthed systems 
show increasing popularity. This trend towards in- 
creased use of Petersen coils has been analyzed in 
more detail and deserves consideration here‘. In the 
voltage range above 22 kV, out of 46 transmission 
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systems (100 per cent.) operating with resonant earth- 
ing, only 33 per cent. had been delta systems before 
the installation of Petersen coils, while 15 per cent 
were new systems. A change to resonant earthing 
from resistance earthing had been made in 4 per cent 
of the systems, from reactance earthing in 13 pe: 
cent. of the systems and from solid neutral earthing 
in not less than 35 per cent. of the systems. This high 
figure of 35 per cent. indicates clearly that Petersen 
coils have advantages at voltages below 70 kV, and 
it can be expected that increased use of resonant 
grounding will be made in the future. 

The increase in the number of Petersen coil instal- 
lations from 1921 to 1949 is indicated in Fig. 3. This 
figure is a further breakdown of the “resonant earth- 
ing” portions of Figs. | and 2. A classification of 
resonant earthed systems by voltage is contained in 
Fig. 4. The largest number of resonant systems 
operate at 34:5 kV, and it may be worthwhile men- 
tioning that such a transmission system is not only 
the largest Petersen-coil system in this country, but, 
with 1,600 miles of circuits, it is also the largest 
34:5 kV system in the United States. Fig. 6 shows the 
geographical distribution of resonant earthed systems 
in this country. 

The total of Petersen coils in service (A), as given 
in Fig. 3, is divided into coils with ten-minute rating 
(B) and coils with extended-time rating (C) which 
are designed to operate on sustained ground faults. 
it is of interest that the ratio of “ ten-minute coils ” 
to “ extended-time rating coils ” is changing in favour 
of the extended-time rating coils. Whereas in 1943 
only 18 per cent. of all Petersen coils then in opera- 
tion were designed for sustained earth faults, 40 per 
cent. of all coils were extended-time rating coils in 
1949. Many systems operate with sustained earth 
faults until the faults have been located and can be 
eliminated. For example, Fig. 5 indicated that an 
earth was left on a 34:5 kV system for 22 hours, and 
that sustained faults from two to three hours dura- 
tion are quite common at even higher voltages. 

Experience with resonant earthing was found to 
be very satisfactory. The equipment requires practi- 
cally no maintenance and hardly any attention, since 
operation in detuned condition is permissible within 
reasonably wide margins. The operating engineers 
make good use of these characteristics. In 27 per cent. 
of all systems using Petersen coils, tap changes are 
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Fig. 6. Resonant earthed systems in the United States in 1949 


never made; 29 per cent. of the systems make changes 
less than once monthly; and only 25 per cent. follow 
system changes with a new adjustment of the out-of- 
tune ratio. In contrast to radio equipment which re- 
quires tuning to resonance, Petersen coils still operate 
quite satisfactorily when they are 20 per cent. or more 
out of tune. 


Conclusions 

Two trends in the neutral earthing of high-voltage 
transmission systems are distinctly indicated in the 
results of recent surveys: 

At voltages above 70 kV, advantage will be taken 
of solid neutral earthing and of the decrease in initial 
installation costs made possible by the use of equip- 
ment with reduced BIL’s. 

At voltages below 70 kV, increased use is being 
made of earth-fault protection through Petersen coils 
in general and especially those which are designed 
to permit operation on sustained earths. In a number 
of systems, a change has been made to resonant 
earthing from other methods, a relatively large per- 
centage of systems now resonant earthed being pre- 
viously operated with solidly earthed neutrals. 
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purpose and boiler-feed pumps are given respectively 
in leaflets G.P.50 and B.F.20 received from the J.L.C. 
Engineering Co. Ltd., of Cricklewood. The design of 
both types is notable for compactness and completely 
automatic operation can be arranged for. 
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A Contribution to the Study 
of Butterfly Valves 


By D. GADEN, Eng. 


A description and discussion of reduced-scale model 
tests made by Ateliers des Charmilles S.A., Geneva.* 


PART I 


UTTERFLY valves are one of the oldest types 

of valves used in connection with water turbines, 

and many valves of this type, both small and 
large, have been manufactured in America and on 
the Continent. The older designs were usually shut- 
off valves serving no other purpose but to isolate the 
turbine from its pipeline; these valves were seldom 
designed to operate otherwise than under balanced 
conditions, i.e. they were not opened before having 
previously equalised the pressures on either side of 
the disc by means of a bypass nor were they designed 
or made to close while the turbine guide apparatus 
was still open. All that was required was that they 
should safely stand the static water pressure applied 
on the disc in the closed position, that they should 
be reasonably watertight under this pressure, and that 
the mechanism operating the valve should be strong 
enough to swing the disc in still water, i.e. to over- 
come the friction in the bearings and packing glands. 

In recent years, however, it has become more and 
more usual, particularly on the Continent, to treat the 
valve placed at the inlet of a water turbine as an 
emergency device which, in case of failure of the 
mechanism controlling the turbine guide apparatus, 
must be able to close safely under full pressure and 
to cut off the maximum turbine discharge. This ap- 
plies also to butterfly valves, and the design of these 
valves has therefore had to be revised to take into 
consideration not only the forces that occur when the 
valve is completely closed or completely open, but 
also those occurring during the closing or opening 
periods as a consequence of the important hydro- 
dynamic forces which the water exerts on the disc as 
the disc gradually throttles the flow. 

On account of the simplicity and reliability of 
butterfly valves, their field of application, moreover, 
has increased considerably, and this type of valve has 
become more and more popular both as a safety valve 
located at the head of an important pipeline and as 
a sluice or discharge valve regulating the rate of flow 
through a pipe. The operating conditions for which 
safety valves have to be designed are similar to those 
of inlet valves, with the difference, however, that the 
discharge, instead of being limited to the maximum 
turbine discharge, can acquire the full throat discharge 
of the valve itself. The most severe conditions are 
those encountered by sluice or discharge valves which 
have to operate for unlimited periods at any degree 
of opening. 

At the root of the design of such valves lie the 


tests were published in the Schweizer 


*The results of some of these 
1938) but mew data have been 


Bauzeitung (May 21 and 28, June 4, 
added to the present article. 
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forces and the torque to which the disc is subjected 
when operating under these conditions, and the relia- 
bility of the design is naturally a function of the exact- 
ness with which these forces and this torque can be 
determined before the design of any particular valve 
is commenced. 

The present article deals with this problem. It 
begins with a mathematical approach and then gives 
a description of the results of the tests which were 
made at various times by the Charmilles laboratories 
in Geneva. 


Distinction between two classes of valves 

Among the factors that affect the design and con- 
struction of a butterfly valve, the most important are 
the force and the torque to which the disc is subjected 
while opening or closing. When investigating these 
factors, it is necessary from the start to distinguish 
between two classes of valves, which differ from each 
other not in their design but in the fundamentally dif- 
ferent hydraulic conditions under which they operate. 

The first class comprises valves placed at the inlet 
of hydraulic turbines or at the discharge of pumps, 
or generally situated so that the flow during operation 
of the valve is limited by back pressure. This back 
pressure may be caused by the presence of an orifice 
of a given area, smaller than that of the valve, or by 
the existence of a downstream pressure corresponding 
to a positive difference of level. 

The second class comprises those which are opera- 
ted against the full throat discharge of the valve, such 
as safety valves for penstock protection or sluice 
valves. This large field of application is characterised 
by the fact that the discharge through the valve under 
a given upstream pressure depends only upon the 
degree of opening of the valve. 

The forces and the torque which the water exerts 
on the disc of a butterfly valve while closing are very 
difficult to calculate theoretically, at least with any 
pretence of accuracy. It is possible, however, by a 
mathematical analysis of the flow to ascertain the 
factors that. have to be taken into consideration, i.e. 
diameter, pressure, velocity, etc., and the way in which 
they enter into the formulae of the force and of the 
torque. But it is only by experiment that the co- 
efficients of these formulae can be determined, for 
these coefficients are influenced to a greater or lesser 
degree by the various structural and functional charac- 
teristics of the valve. Firstly the form of the disc can 
be considered and eventually also that of the body 
or of the fixed wall which, in certain cases, prolongs 
the disc in its open position. Then consideration must 
be given to the layout of the piping upstream of the 
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valve (with or without elbow) because this may have 

an important influence on the distribution, uniform 
or otherwise, of the streamlines at the entry to the 
butterfly valves. Finally the relation between the up- 
stream pressure and that which can be established 
downstream of the valve has an essential influence on 
the laws of force and torque. It is from the latter point 
of view that the two classes of valves differ. 

The first class of valves is characterised by the fact 
that the back pressure is sufficient to prevent the de- 
pression which occurs in the restricted sections of the 
valve, where the water velocity is maximum, from 
reaching complete vacuum; there is therefore no dis- 
continuity in the streamlines. In other words the 
recovery of the kinetic energy of the water between 
the restricted sections of the valve and the down- 
stream piping, where the flow is once again uniform, 
is not limited by the presence of vacuum or of 
cavitation. 

In the second class of valve, on the contrary, either 
this recovery is zero or else it is limited to the value 
of the barometric pressure. The recovery is zero when 
the valve is not followed by any downstream pipe, 
ic. when the kinetic energy of the water in the 
restricted sections of the valve is entirely dissipated 
in the air. It is limited if the valve discharges into a 
cylindrical pipe of the same diameter or in a diverg- 
ing pipe (venturi effect), and if it discharges into 
atmosphere at the same level as the valve or at a 
lower level (suction effect). In fact, whatever the 
kinetic energy to be recovered, the depression in the 
restricted sections of the valve cannot fall below an 
absolute vacuum, the appearance of which causes 
cavitation which in turn limits the flow. 

The condition of no recovery corresponds to the 
mode of operation of many sluice valves discharging 
either directly into the atmosphere or into a conduit 
of much larger section than the valve, in such a 
manner that the jet is well ventilated. Partial recovery 
of energy is realised in the case of sluice valves fol- 
lowed by cylindrical pipes of the same diameter and 
more frequently in the case of emergency valves in 
pressure conduits which are designed to close auto- 
matically in the event of a burst pipeline, the break 
being not only complete but located at a level lower 
than the butterfly valve. 

In the course of the tests, various forms of disc 
were examined. The results of these tests show how 
the form of the disc affects the results, but it is in- 
teresting to notice that from the point of view of 
maximum torque, the differences, although noticeable, 
are not important. All these tests were made with a 
uniform rectilinear flow into the valve, a condition 
which should always be aimed at in practice. 

Finally, we have investigated the different condi- 
tions of operation characterised by a large back 
pressure obtained by means of a downstream section 
ending in a reduced orifice, or by a zero back pressure 
(discharge into the air), or by negative back pressure 
obtained by the use of a parallel or divergent down- 
Stream pipe placed horizontally or with a suction 
head. 

If we consider a valve of diameter D in the closed 
position, under a differential static head A,H the 
resultant force on the disc, which in this case corres- 
ponds to the static pressure, is given by: * 


P,- 1 D*?A,H=k,,D°A,H,......(1) 
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with k,,=786 kg/m* (metric units) 

or k,.=49 lb. per cu. ft. (English units) 
Each of the two torques, which balance each other, 
acting on the two half discs situated on either side 
of the spindle is given by: ** 


y 
Co — DOME SE IPO By onscssccssesvccsssicces (11) 
12 
with k,,=83-3 kg/m* (metric units) 

or k.o.=5:2 lb. per cu. ft. (English units) 
Finally, the discharge in cubic metres per second, 
which theoretically would flow through an open 
section of the same diameter as the disc, is given by: 


Q.= — D* v 2gA.H.......... (111) 
4 


or Q,?=k,,.D*A,H, 
with k,,=12-1 m/sec.? (metric units) 
or k,,=39-7 ft./sec.* (English units) 
When the disc is inclined at angle a0 to the axis 

of the valve it is submitted to a force P, causing a 
torque C (the torques on the two half discs no longer 
being equal), and allows a discharge Q. It is logical 
to seek a connection between the values of P, C and 
Q and P., C, and Q, and to write 


i cS (1) 
£4: (11) 
EE RII I (111) 


formulae for which k,, k, and k, are coefficients of 
the same dimensions as k,,, Keo, Kao. Their values are 
functions of the angle a. AH is a difference of pres- 
sure, in metres (or feet) of water, depending on the 
value of pressure H applied to the upstream side of 
the valve and on the conditions at the downstream 
side. 

The determination of the values of the coefficients 
ky, ke, kg, aS well as the function AH has been the 
main object of the tests described and discussed in 
this paper. 


Means Employed—Water and Air 

These tests were done on scale models having 
diameters of 200 mm. and 155 mm. respectively. This 
permitted the verifying of the obvious law of simi- 
larity, where the diameter occurs to the power 2, 3 
or 4, depending on whether the force, the torque, or 
the square of the discharge is concerned. 

The tests were done with water, which required 
more complicated and delicate apparatus than tests 
using air. Later tests were made with air since it is 
quite possible to obtain a satisfactory similarity be- 
tween the flow of air and the flow of water; it was 
moreover of interest to obtain an experimental veri- 
fication of this similarity, and to find out under what 
conditions and at what limits the similarity occurred. 

The flow through a butterfly valve is essentially 
turbulent. If we consider on the one hand a valve of - 
industrial size, or even a scale model such as was 
used for the tests, and on the other hand a water 
velocity such as is encountered in applied hydraulics, 
we see that the Reynolds number is very high, of the 
order of 400,000 and more. In these conditions the 


*Where diagrams have been translated for use with English units. the 
force is represented by F instead of P, and the torque by T instead of C. 

**The torques on half discs balance each other only if there is back 
pressure or if the spindle is vertical. 
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similarity becomes independent of the Reynolds 
number, that is to say, the influence of the walls and 
of the kinematic viscosity of the liquid is exceeded 
by, and in a way concealed by, the imaginary viscosity 
due to the large turbulence of which the effects vary 
according to the square of the velocity. As with a 
perfect fluid, similarity can be obtained in two geo- 
metrically similar models with an arbitrary ratio be- 
tween the pressures. The pattern of the streamlines in 
a given model is therefore unaffected by the velocity, 
the value of the speed at any given point of the system 
varying only in the ratio of the square root of the 
pressures. 

In order that the flow of air should be really simi- 
lar to that of water it is therefore necessary that the 
Reynolds number corresponding to the test conditions 
should be of the order of that defined above,* which, 
for the linear dimensions of the model, required an 
air velocity about thirteen times the velocity of the 
water (the ratio of the kinematic viscosities). In prac- 
tice a velocity of this order can be obtained without 
difficulty, but it is necessary to take care that this 
velocity remains sufficiently lower than sonic velocity 
so that the influence of the compressibility of air may 
be neglected. However, the size of the model can be 
chosen to obtain the Reynolds number desired.** 

On the basis of these considerations, the similarity 
exists between flow of air and flow of water in a 
valve of the first of the two classes which we have 
distinguished, i.e. where the depression in the reduced 
sections does not fall to the neighbourhood of a 
vacuum. As regards the second class of valves the 
situation is quite different. Firstly, if the valve is not 
followed by any piping we cannot assume offhand 
that there will be similarity of flow between a model 
discharging water into the atmosphere and one dis- 
charging air into the same atmosphere. Again, if the 
valve is followed by a cylindrical or divergent pipe, 
the flow of the water can give rise to local depressions 
reaching the vapour pressure of the water, correspond- 
ing to zones of cavitation. With air, on the contrary, 
remembering its low density, not only is it necessary 
to have recourse to very high velocities of flow to 
produce large depressions, but from this very fact the 
compressibility of the air ceases to be negligible and 
similarity with the flow of water becomes unattain- 
able. Tests with water have permitted verifying that it 
is necessary to have neither very high speeds, nor, 
consequently, very large upstream pressures to give 
rise to depressions approaching a vacuum in the wake 
of an inclined disc followed by a cylindrical or diver- 
gent pipe. It is clear that the laws of flow under these 
conditions become entirely different from those which 
can be studied by air tests, and only systematic ex- 
periments with water can be used for investigation 
of the second class of valves. Later tests carried out 
with air naturally related only to the first class of 
valves. ‘ 

Since it was to be expected that for a valve dis- 
charging freely into a pipe the limiting case of 


*This limiting value of the Reynolds number depends on the type of 
flow considered. It cannot be fixed offhand, and should be determined 
by a series of ‘ests. 


**Another factor, which can greatly disturb the similarity, even at equal 
Reynolds numbers, is the degree of pre-turbulence in the streamlines 
approaching the obstacle, which in this case is the disc. Numerous tests 
have shown the important influence which pre-turbulence can have on 
the coefficients of lift and draz of a body in a moving fluid. (A. Tennot, 
** Lessons in Physical Mechanics of Fluids,"’ Dunod 1938). 


458 








absolute vacuum behind the disc would give rise t 
the greatest flow and forces, we tried to establish thi 
fact with the lowest possible upstream pressures. A 
the set-up of the testing bench did not permit of ; 
static head we employed a diverging nozzle to produc: 
a maximum venturi effect. However, we noticed that 
even for moderate values of pressure, the results ob 
tained with a cylindrical pipe several diameters long 
were the same as those obtained with a diverging 
nozzle. 

It should be remembered that the downstream pipe 
will produce the desired effect only if it is running 
full. [n the course of measurements taken with in- 
creasing opening of the valve we often noticed a 
sudden large increase in the flow, the force, and the 
torque, without appreciable change in the position of 
the disc. We were able to determine that this change 
corresponded with the filling of the downstream pipe. 
This filling or “priming,” for a given inlet pressure, 
took place at smaller valve openings for long down- 
stream pipes than for short ones. 

If the pipe is not filled the water emerges in the 
form of a hollow cylinder, so permitting atmospheric 
pressure to be established on the downstream face of 
the disc—this is indicated, incidentally, by a pressure 
reading at the centre of the disc. As soon as the down- 
stream section is filled, the jet of water becomes 
compact, the pressure on the downstream side of the 
disc falls below atmospheric, and may even attain an 
absolute vacuum; at the same time cavitation noises 
may very clearly be heard on the back of the disc and 
in the downstream piping. 

If the disc is closed progressively, once the suction 
is established, it persists for openings much smaller 
than that at which it first occurred. In our tests we 
naturally considered only the results corresponding to 
the conditions with the pipe running full. 


Laws of Flow across Butterfly Valves 

Let us imagine (Fig. 1) a disc ZL inclined with 
respect to the axis of the body of the valve, preceded 
by piping giving rectilineal flow in the approach under 
pressure H,, and followed by piping filled by the 
water. After a certain distance the highly turoulent 
flow in the immediate wake of the disc regains, little 
by little, its uniform characteristic under the pressure 
H,. Let us suppose that the inlet piping, the valve, 
and the outlet piping are all of the same diameter. 

ithe upstream edge a of the disc being below the 
cenireline, it causes a larger flow along the upper face 
abcd than that which passes over the lower face. [he 
velocity of the water in the restricted section dj near 
the downstream edge of the disc will therefore be 
greater than the velocity in the section em of approxi- 
mately equal area near the upstream edge of the disc. 
These restricted sections being followed by a larger 
section, a partial recovery of the velocity energy will 
occur and it will tend to create, at dj and em, pres- 
sures less than the pressure H, which occurs at p, in 
the downstream section where the flow is once again 
uniform. Theoretically, because of the difference in 
discharge, the depression should be greater at dj than 
at em. 

Let us consider a portion of the disc between two 
parallel lines perpendicular to the axis of the trunnions 
(for example astride the centreline of the valve). At 
the upstream edge, on the part ab of the disc profile 
facing the current, the effect of impact gives rise (as 
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in a Pitot tube) to a localised pressure H correspond- 
ing to the total energy of the water at the entrance to 
the valve, where the average pressure is H, and the 
velocity v,. 
¥," 
Ie SRO inikidtnsncucoeeieseenh (IV) 
2g 
This pressure H represents the total energy of the 
water at the entrance to the valve and is equal to the 
net manometric pressure H, after deduction of the 
upstream losses of head increased by the velocity 
head v,. AH is defined by the difference between the 
values of the total energy of the water at the entry, 
and at the exit of the valve where the flow is once 
again uniform: 
v,? v2 
- Gi,+ —) 
2g 22 
which is, rigorously speaking, the loss of head across 
the valve. 

Starting from the upstream edge a and following 
the upper face of the disc in the direction of flow, 
the pressure gradually decreases from the maximum 
H. The deviation of the streamlines maintains a 
certain pressure on the disc until slightly beyond b. 
Then, the flow accelerating in the convergent passage 
formed by the disc bcd and the body of the valve ij, 
the pressure gradually falls and finally attains at k, 
where the velocity is maximum, a value less than the 
downstream pressure H,. In the conditions considered, 
characterised by a strong turbulence and a large Rey- 
nolds number, as soon as the disc takes a certain 
inclination an eddy gpe bounded by a surface of dis- 
continuity of the velocity is produced in the wake of 
the disc, enclosing a zone of high turbulence which 

does not follow the general 
movement of flow. As the 
worn section of this eddy pro- 
gressively diminishes down- 





A H=H,+ 











stream, the first part of the downstream piping acts 
as a diffuser; in spite of the large losses of energy in 
this section there is at least partial recovery of the 
velocity energy of the water causing an increase of 
pressure from k to p. The same takes place from / 
to p. 

The downstream side of the disc is in contact with 
the water inside the eddy. The boundary surface of 
this eddy corresponds to a discontinuity of speed, but 
no discontinuity of pressure is established. The pres- 
sure of water in the turbulent mass at each extremity 
of the disc is approximately the same as that in the 
streamlines in the immediate neighbourhood. As the 
pressure is higher in the section em than in the section 
dj, a difference of the same order exists between the 
points e and g. Between them the pressure follows a 
certain law represented diagrammatically on Fig. 1. 

The resultant of the upstream and downstream 
pressure diagrams corresponds to a force P and a 
torque C. Since the laws of similitude hold whatever 
the ratio between the diameter of the valve and the 
pressures, as explained in the preceding chapter, we 
can write for the section of the disc considered as well 
as for the entire disc, that: 

the force P=k,D*AH 
the torque C=k,D*°AH 
the square of the discharge 0? =k,D*AH 

Plotting the pressure drop AH against the force P, 
the moment C, and the square of the flow Q? (Fig. 2), 
we should obtain three straight lines meeting at the 
origin. Let us note in passing that the coefficient k, 
should attain values much larger than 12-1 m/sec.’ 
(39-7 ft./sec.*) defined by equation III, because of the 
venturi effect mentioned above. It is less a question 
of a coefficient of discharge than a coefficient of loss 
of head (the opposite). 

In the case where the valve discharges directly to 
the atmosphere and the velocity energy of the water 
is entirely dissipated: 

Va 
H,+ — =0 and 
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The effect of the downstream 
pressure diagram disappears com- 
pletely since atmospheric pressure 
exists on the whole of the down- 
stream face of the disc, and we 
can express: 
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the force P=k, D?H 
the torque C=k, D® H 

the square of the 
discharge Q?=k, D*H 
The values of the coefficients 
k,, k. and k, should, however, be 





appreciably smaller than those of 





the preceding case, because for 








the same value of H (second case) 








and of AH (first case), the pres- 





sure drop along the upstream face 















A, of the disc (difference between the 
point a and d) is much less pro- 








nounced in the second case than 
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in the first because of the absence 
of the venturi effect. In particular, 
the coefficient k, here takes on its 
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significance as discharge coefficient and should always 
be less than the theoretical value of 12-1 m/sec.* 
(39-7 ft./sec.*) defined by equation III. 

Plotting H against P, D, and Q* (Fig. 3), we obtain 
three straight lines meeting at the origin, but with a 
smaller slope than those of the first case. 

Finally, where a vacuum is established, we should 
be tempted at first sight simply to take the equation 
of the second case, adding to the term H the value of 
the barometric pressure H,, or a value close to it. This 
is correct for the equation of flow: 

Q* =k, D*(H+H,) 
the coefficient k, keeping the same value as in the 
second case, for it is reasonable to suppose that the 
difference between the losses by friction of the liquid 
against the air (second case) or against the water in 
the eddy region behind the disc (third case), is negli- 
gible with respect to the other losses by turbulence. 

But whereas in the second case the downstream 
pressure diagram was equalised (atmospheric pressure 
at all points), in the third case a difference of depres- 
sion (vacuum) can exist on the face of the disc be- 
tween the point g, where it is stronger, and the point 
e, where it is weaker. The effect of this downstream 
diagram on the force and the torque is therefore a 
function of the barometric pressure H,, but it does 
not depend on the velocity of flow, nor therefore on 
the upstream pressure H. If we allow that it is 
completely independent of the upstream pressure H 
we Can express: 
the force by P=k, D® (H-H,)withO <-H,<H, 
the torque by C=k. D® (H- H.) withO <-H.<H, 
the coefficients k,, k. being the same as those of the 
preceding second case. 

Plotting H against P, C and Q* (Fig. 3) we should 
obtain three straight lines P,, C, and Q,’ parallel to 
the straight lines P, C and Q* respectively of the 
second case, and cutting the abscissa: 

the straight line P, at a point H, 
the straight line C, ata point H, 
the straight line Q,” at a point H, = -H, 

If the effect of the downstream pressure diagram 
(difference of pressure between e and g) depended 
also on the flow velocity and hence on H, the 
parallelism of the straight lines P, and P on the one 
hand, and C, and C on the other, would not be cor- 
rect, but we believe that this influence, if it exists, must 
be very small. 

If, as was the case in our tests, a vacuum is estab- 
lished by a diffuser after the valve instead of by a 
suction head, complete filling of the diffuser cannot 
exist below a certain limit of the speed, hence of the 


Fig. 2. Theoretical curves of 


c P 2 pressure P, torque C and square 
of discharge Q* with positive 


back pressure 








Hb 








Fig. 3. Theoretical curves of 
pressure P, torque C and square 
of discharge Q® with zero back 
pressure (absolute vacuum) 





upstream pressure H. With decreasing H, the degree 
of vacuum diminishes and tends towards zero. The 
representative curves P, C and Q* therefore bend 
away from the straight lines P,, C, and Q,” and reach 
the origin with slopes of the same order as P, C anc 
Q* of the first case (Fig. 2). In the region of operatio: 
where the suction is slight the phenomenon of cavita 
tion disappears, and, as in the first case, the value o! 
the depression on the downstream face of the disc 
becomes proportional to the difference of pressure 
upstream and downstream. In other words, similarity 
is re-established with respect to AH, which in this 
particular case is equal to H, since the pressure at the 
extremity of the system is the atmospheric pressure 
(zero) and the discharge velocity is very low 


‘i 
() 
22 
It now remains to be seen in what measure these 
theoretical considerations are verified by experimental 


results, but first we shall describe the test installation 
and the methods employed. 


Test Equipment and Methods 

The installation, of which Fig. 4 gives a general 
view, is schematically represented by Figs. 5 and 6. 
Fig. 5 corresponds to experiments with a diffuser, 
while Fig. 6 was used for discharge to free air, or 
with a pipe ending in a nozzle. 

The necessary flow was furnished under pressure 
adjustable between 5 and 24 metres by a pump 4 
followed by an elbow B and a valve C in a 400 mm. 
pipe D, of about 5 m. length. This length was suf- 
ficient to give steady flow. Steady flow conditions 
were further improved by the acceleration produced 
in the tapered pipe E connecting the 400 mm. pipe to 
the section F, of the same diameter as the test valve G. 

The pressure measurements H, were taken by an 
accurate manometer connected to a piezometer orifice 
in the wall of the downstream end of the 400 mm. 
pipe. Conforming to the definition of pressure H at 
the valve entrance, such as we proposed in connection 
with the laws of flow, the readings H, of the mano- 

v2 
meter were increased by the velocity head —, the 

2g 
velocity v, being calculated on the basis of the flow 
measurements. This meant neglecting the loss of head 
in the convergent section E and the pipe F, but a 
calculation of these losses by the usual methods shows 
that the error will not be greater than 5 per cent. at 
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full flow under the lowest head and will usually be 
much less. Because of this approximation, which is 
permissible considering the precision of the other 
measurements, the pressure was measured under good 
conditions, and with a greater exactitude than if they 
had been measured at F, where the velocity of the 
flow is high. 

The tests were made with three different conditions 
of flow downstream of the valve, namely (1) a diffuser 
J was mounted directly after the valve to cause 
vacuum, (2) the valve discharged into air and was 
collected by a pipe K clear of the valve, (3) a down- 
stream pipe ending in a nozzle T to give back pressure 
was used. In all three cases the water was finally led 
off by an elbow L into the upstream end of a measur- 
ing channel M with a sharp-edged weir N. 

In the tests with back pressure the value of the back 
pressure: 

¥," 
H,+- 
2g 


Fig. 4. A general view of the equipment for testing butterfly valves at the Charmilles works 





or more exactly AH=(H,+4 oe )-(H,+ an ) 


was calculated from the flow measurements. For this 
purpose each of the nozzles used was calibrated, that 
is to say the coefficient k’, of the law: 

Q*=k’, D‘H 
was determined without the butterfly valve. 

With the same nozzle connected downstream of the 
butterfly, and for each angle of the disc, the coefficient 
k”, of the analogous law: 

Q’?=k”, D‘H 
was determined. It is then easy to establish that the 
coefficient k, of the law: 


Q’=k, D* AH 
may be obtained from the equation: 

l 2 2 

k ce. € 


q 1 qa 
Figs. 7 and 8 show the two sides of the test valve, 
Fig. 9 the arrangement of the measuring equipment 
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Figs. 5 and 6. Disposition of test installation arranged (above) for discharge through a diffuser and (below) 
for free discharge or discharge through a cylindrical pipe with nozzle 
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Fig. 7. View of one side of the test valve 


and Fig. 10 the constructional details of the valve. 
The following brief description is based on Fig. 10. * 

The disc b pivots in the body of the valve a. The 
two trunnions c and d, equidistant from the centre of 
the valve, are carried in two double-row ball bearings 
f. Where each of the trunnions pass@s through the 
valve body, water tightness is assured by a metallic 
joint e which allows a small displacement of the 
trunnions. This requires the bore of the opening g to 
be a little larger than the diameter of the trunnions 
and some play between the disc and the inside of the 
valve body. 

The right-hand bearing f is rigidly fixed to the body. 
On the trunnion d is mounted a keyed gear sector h, 
operated by a worm /. Also mounted on the trunnion 
d, but free to turn on it, is the arm &k carrying the 
bearing for the worm. The 
reaction of the worm is trans- 
mitted to the body by a metal 
bellows L of which the axis 
is on the centreline of the 
bearing f to avoid a secondary 
reaction on the opposite trun- 
nion c. The bellows / is full 
of oil, the pressure of which 
may be read by an accurate 
manometer, giving the torque 
transmitted by the disc. 

The left-hand bearing f is 
not fixed to the body of the 
valve, but to a double lever 
m. The arms of this lever, one 
in the direction of flow and 
the other perpendicular to it, 
each carry a metal bellows n 
similar to /. The oil pressures 
in the bellows n give both 
components of the reaction of 
the bearing and thus allow 


oat 


462 





the magnitude and directic 
of the hydraulic force on tt 
disc to be calculated. 

The zero setting of t! 
manometer is made by 
screw p on bellows /, and 
nut q on each bellows n. Ca 
bration of these bellows w 
checked during the tests. Their 
use was extremely satisfactor 
and they permitted measure- 
ments to be taken in the least 
possible time and with a 
maximum of precision and 
convenience. 

The angle of opening of the 
disc (from 0° to 80°) was read 
on a scale fixed to the sector 
h. Measurement of the de- 
pression downstream could 
be taken by means of a mer- 
cury manometer connected, 
through one of the trunnions, 
to a hole at the centre of the 
downstream face of the disc. 


4 


Results: Interpretation and 
Comparison with Theory 

The butterfly - valve tests, 
under variable pressure or 
pressure difference, were carried out principally on 
three different types of discs, with diameters of 155 
mm. (6-1 in.) and 200 mm. (7:9 in.). The first type, 
A, has the same upstream and downstream sections. 
It is geometrically symmetrical about the axis of the 
gudgeon. The second, B, has the same downstream 
section as the first but upstream the sides are parallel 
planes joined by a radius. The third, C, differs from 
the second in that, while its upstream section is of 
equal thickness, the two parallel faces are prolonged 
downstream to mate up with the sides of a fixed vane 
of streamlined section in the open position. The joint 
between the vane and the disc is sloped. The outlines 
of the three types of discs are shown at the bottom 
of Fig. 10. 

The three discs, in 200 mm. (7:9 in.) and 155 mm. 
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Fig. 8. The opposite side of the test valve 
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Fig. 9. The measuring equipment associated with the test valve 


(6°1 in.) sizes, were tested under the different con- 
ditions of operation* already outlined, viz.: (a) 
minimum back pressure (negative) obtained by a 
diverging pipe (diffuser); (b) zero back pressure ob- 
tained by discharging the valve into the air without 
any downstream pipe; (c) positive back pressure 
obtained by an extension pipe terminated by orifices 
of various sizes. 

Certain of the most characteristic of the results 
obtained are shown in the form of various charts of 
P, C and Q’, values of the pressure, of the torque and 
of the square of the discharge, all corrected to a disc 
diameter of | metre. 

These charts are to be compared with Figs. 2 and 


*Disc C could pot be tesied with a downstream pipe, because of its 
extension. 


3, built up from theoretical considerations. Also shown 
are graphs recording the complete results and giving, 
as a function of the inclination of the disc, the charac- 
teristic values k,, k., k, and H,, H. and H, for the 
different cases. We comment on them as follows: 
(a) Negative Back Pressure (divergent extension). 
The curves of the values of P, C and Q* from the 
tests, expressed as functions of the upstream pressure 
H, reveal the existence of the two operating conditions 
which were anticipated, that is, complete and partial 
“priming” (filling of the downstream pipe). Let us, for 
example, compare the theoretical curve of Fig. 3 with 
the corresponding curves of Fig. 12 obtained by tests 
with a disc type B in position a =30°. It will be seen 
that, when using a diffuser, the “priming” is complete, 
i.e. an absolute vacuum is formed in the neighbour- 
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Fig. 10. Constructional details of the test valve showing three forms of disc 
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Fig. 11. Tests on disc A with zero back pressure 


hood of restricted sections of flow only when the 
pressure H reaches nine to ten metres—a relatively 
low value. The “priming” remains without appreciable 
change for higher values of H, i.e. for higher flow 
velocities The proof of this is given by the fact that 
the values of Q* (square of the flow) line up correctly 
on a Straight line cutting the abscissa at a distance 
from the origin corresponding to the barometric pres- 
sure H,. In other words, the law of variation of Q” 
is expressed by: 
Q* =k, D*(H+H,) 

with, in this particular case: 

k,=1-65 m./sec.*, H,=9-75 m. (metric units) 
or k,=5-41 ft./sec.*, H,=32 ft. (English units) 

The speed in the restricted sections of the valve 
is proportional to /2¢(H+H,) and as H is the net 
total pressure, including kinetic energy, at the entrance 
to the valve, it may be concluded that the mean 
pressure at the outlet, in the restricted sections, is 
- H,, or absolute vacuum. 

To the system thus characterised there is a corres- 
ponding linear law for the force P and the torque C. 
Their projected straight lines cut the abscissa at a 
point off the origin, as was foreséen, at the distances 
(negative values) H, and H, (both smaller than H,). 
In this particular case: 

P=k, D*(H - H,) 
with k,=556 kg./m.* and H,= —6°5 m. 
or k,=34-7 lb. per cu. ft. and H,= - 21:3 ft. 
C=k, D® (H - H.) 
with k,=40-7 kg./m.* and H,= - 8-0 m. 
or k.=2-54 lb. per cu. ft. and H.= - 26:2 ft. 

For values of the pressure H less than nine to ten 
metres corresponding to the minimum velocity for 
which complete “priming” occurs, the curves P, C 
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Fig. 12. Tests on disc B with zero back pressure 


15 


and Q* bend, as they must, towards the origin, since 
the pipe extension used had practically no static 
suction head.* 

This is the condition of partial “priming,” in which 
the pressure in the restricted areas of the valve departs 
from the absolute vacuum (complete “priming”) and 
approaches atmospheric pressure (no “priming”) as 
the upstream pressure decreases towards atmospheric 
pressure. 

So far the test results agree very satisfactorily with 
expectations and confirm the truth of our theory of 
the pressure distribution round the disc. However, for 
the smaller values of « the points of P and C were 
somewhat dispersed as flow conditions changed from 
partial “priming” to complete “priming.” From Fig. 
13 for example (a = 25°) it would seem that the torque 
curve for partial “priming” has a tendency to follow 
a curve C' which oversteps line C corresponding to 
complete “ priming,” as though the vacuum were first 
reached at the upstream edge of the disc only, which 
because of its position with respect to the flow would 
be subject to cavitation before the whole surface of 
the disc. This assymmetry gives rise to torque which 
is 8 to 10 per cent. larger than that for complete 
“ priming.” We shall come back to this feature later. 

(b) Zero Back Pressure (no downstream piping). 
If we consider the functioning without downstream 
piping, where there should be no “ priming,” we see 
that the test results do not exactly agree with our 
theory based on the establishment of atmospheric 
pressure over the whole downstream face of the disc. 
This, however, is due to the fact that, for the test 


*If there had been a static suction head the curves would h bent 


towards a negative point on the abscissa, equal to the said he 


WATER POWER _ December 1951 





- a a ct tn 


TORQUE, kg. m. 





pressures used, there is still a certain amount of 
* priming ” after the valve. 

In fact, the points Q* do not line up with the origin, 
is should be the case if the pressure in the restricted 
sections were equal to the atmospheric pressure. The 
speed of flow would, in that case, be proportional 
to ¥ 2gH and would have: 

Q’=k, D* H. 

In Fig. 11, on the contrary, the law of Q? is shown 
by a straight line cutting the abscissa at a point cor- 
responding to a negative pressure of | metre (3-28 ft.) 
that is to say, a straight line of which the equation 
would be: 

Q’=k, D*(H- H,) 
with, in this particular case: 

k,=1-65 m./sec.? and H,= - 1 m. (metric units) 
or k,=5-41 ft./sec.* and H,= — 3-28 ft. (English units). 

The body of the valve therefore suffices, without 
any prolongation, to give a partial “ priming.” Never- 
theless it is remarkable how perfectly parallel to each 
other are the two straight lines characterising the flow 
with and without downstream piping. In other words, 
the same flow coefficient k, holds in both cases. 

The existence of some vacuum downstream of the 
disc is probably the reason for the difference between 
the theory and the measurements. On this subject, it 
is very important to notice, when considering Fig. 1 
again and imagining it without downstream piping, 
that the effect of “priming” upstream of section jn 
due to the presence of the valve body is more pro- 
nounced on the restricted section em than on the 
section dj, which is not followed by any prolongation. 
This effect corrects, in some measure, the inequality 
of flow remarked on at the beginning of the theoretical 
discussion, to the profit of the section dg. The distri- 
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Fig. 13. Tests on disc C with zero back pressure 
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bution of the streamlines approaching section em and 
section dj is in this case modified compared with the 
distribution with downstream piping and consequently 
also compared with the pressure distribution about 
the disc. 

This explains not only the fact that the straight 
lines P and C do not pass exactly through the origin 
(the influence of a certain pressure diagram down- 
stream), but also the fact that P and C correspond 
to coefficients k, and k, slightly different from those 
for operation with downstream piping (different dis- 
tribution of flow and pressure*). In the case of Fig. 
11 the straight lines of force and torque cut the 
abscissa at H, = +1 m. (3-28 ft.) and H. = +0-°50 m. 
(1-64 ft.) and have slopes: 

k,=520 kg./m.*, instead of 556 kg./m.* 

with divergent downstream piping 
or k,=324 Ib. per cu. ft., instead of 34-7 Ib. per cu. ft. 
with divergent downstream piping 

k.=43-°8 kg./m.*, instead of 40°7 kg./m.* 
with divergent downstream piping 
or k,=2-73 lb. per cu. ft., instead of 2-54 Ib. per cu. ft. 
with divergent downstream piping. 

We have had many occasions, during the tests, of 
verifying the obvious influence of the length of the 
valve body on the importance of “priming,” and 
consequently on the value of the coefficients corres- 
ponding to operation without downstream piping. 

(c) Positive back pressure (convergent nozzle down- 
stream). Curves P, C and Q* have been drawn as 
(Continued on page 474) 


*The slight influence of H on the diagram of downstream pressure, referred 
to On page 469 could a'so explain a slight difference between the values of 
k , and k. corresponding to the cases with and without a divergent 


downstream pipe, for H would have a different influence in the two cases. 
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New Works 


for Large Alternators 


The General Electric Co. Ltd., Birmingham, England, 

have built a new works for the construction of the 

largest steam-driven alternators, water-wheel alterna- 

tors and winder and mill motors likely to be required 
by a world market. 


“HE General Electric Co. Ltd., Birmingham, have 
just greatly extended their facilities for the manu- 
facture of large alternators and similar heavy 

electrical machines by the erection of a completely 
new works covering 24 acres at their Witton premises. 
The works are equipped to manufacture the largest 
machines likely to be required by a world market, 
and to subject them to the fullest range of tests. They 
will be able to handle a production of 500 MW per 
annum. 

A general view of the erection end of the new works 
appears in our titleblock, and a general plan is given 
in Fig. 1. The main erection and test bay is 525 ft. 
long by 100 ft. wide in a single span, the height to 
the eaves being 70 ft. It is served by two 110 ton 
travelling cranes which can be coupled to lift 200 tons. 

The flow of work is from east ‘to west, the erection 
and assembly section occupying roughly two-thirds of 
the floorspace. Rotors are assembled along the south- 
ern side of this section and proceed to an electronic 
dynamic balancing machine designed in the company’s 
Development Laboratory and capable of balancing 
rotors up to 50 tons in weight to an accuracy of one- 
tenth of an ounce at the periphery. 

At the erection end of the shop are four core- 
building pits, 6 ft. deep, three of them being equipped 
with 200 ton hydraulic jacks for compressing the core 
stampings, and the fourth with a 50 ton jack. The 
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cores can be ring flux tested both during assembly 
and when completed. Stator assembly is carried out 
along the northern side of the erection space. 

Extending along the northern side of the building 
are the stores and the bays for making windings. On 
the ground floor, alongside the erection space, is a 
bay where rotor windings are built; the stator wind- 
ings are made on an upper floor and brought down 
on wood-covered trolleys in a specially designed lift. 

The testing section occupies the western end of the 
building, and the equipment comprises a testbed for 
steam-driven alternators with twin beds to permit one 
alternator to be erected or dismantled while another 
is on test, an overspeed pit for steam-driven rotors, 
and a waterwheel-alternator testbed. This bed (Fig. 2) 
covers a floor area approximately 44 ft. in diameter 
and comprises a central pit 8 ft. in diameter, and 6 ft. 
6 in. deep from which radiate cast-iron floor plates 
arranged symmetrically to form eight legs on which 
the alternator and test equipment are mounted. At 
the bottom of the pit is a 100 ton hydraulic jack on 
which is mounted a ball bearing to carry the weight 
of the alternator rotor on starting. As soon as rotation 
begins the oil enters the Michell thrust bearing of the 
alternator and the jack is released. 

The tests which are undertaken for water-driven 
alternators include the determination of open and 
short-circuit characteristic curves and the measure- 
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Fig. 1. Layout of the new alternator erection and testing works 


ment of losses, as well as overspeed testing. A 2,000 
h.p. d.c. driving motor is mounted on top of the 
alternator in place of the exciter. It is Ward-Leonard 
controlled and provides a speed range from 0 to 800 
r.p.m. so that in many cases it can be used for running 
the alternator at overspeed. Where higher speeds are 
required, the alternator complete with its exciter is 
run as a synchronous machine, and is supplied with 
variable frequency from an alternator rated at 5,000 
kVA, 5,000 V, with a frequency range up to 150 
cycles. 

The indoor substation, which houses the power 
plant and all associated switchgear required for test 
purposes and power distribution in the works, is situ- 
ated at the south-west of the building adjacent to the 
test beds, and covers an area of some 6,800 sq. ft. 
The power plant for all test requirements, which in- 
cludes two motor-generators, two induction regulators 
and a grid-controlled rectifier, is housed in the indoor 
substation together with the 
high and low-voltage switch- 
gear for test and works sup- 
plies. Immediately to the east 
of this building is the outdoor 
substation where seven trans- 
formers and two saturable 
reactors are installed. Two air- 
blast water-spray coolers are 
also situated in this area. One 
is for the water from the oil 
cooler and the hydrogen and 
air coolers in the closed venti- 
lating circuits of the alternators 
on test, and the other for the 
electrolyte from the liquid 
starter for the 2,000 h.p. driving 
motor on the alternator test 
bed 
- All essential services for the 
Works are run at high level 
and include power and lighting 


Fig. 2 
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cables, heavy-current busbars, a 150 lb. per sq. in 
steam main for process work, a low-pressure steam 
main for heating, the condensate main as well as 
compressed-air and gas mains. 

The new works, by relieving the old alternator 
works of erection, have enabled the machine shop to 
be completely reorganised and its capacity extended. 
Extensions are also in progress to the transformer and 
switchgear shops. 

Hydro-electric orders now in hand include four 25 
MW 11 kV 600 r.p.m. alternators for Tungatina, 
Tasmania, three 25 MW 11 kV 428 r.p.m. alternators 
for Errochty, Scotland, one 5 MW 6:6 kV 750 r.p.m. 
alternator for Pangani, Tanganyika, and the trans- 
formers and switchgear for six complete outdoor sub- 
stations for the Hirakud dam project, India. 

The new works were officially opened on November 
9 by Sir Henry Self, Deputy Chairman, British 
Electricity Authority, in the presence of 200 guests. 





. The waterwheel-alternator testbed with control board in the background 
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Fig. 1. General view of electronically controlled tidal model 


Tidal Studies 


In this article an advance in model technique is 

described, a more accurate simulation of tidal 

levels and current intensities being obtained by 
an electronic control device. 


HE estuary and the engineer are ancient enemies. 

To the artist the mingling of the inland waters 
with the ocean unveils a colourful magnificence; 

to the sportsman, a vision of salt marshes and flight- 
ing wildfowl; to the shipman, a tantalising gatewav 
to an inland goal; but to the engineer the imperturb- 
able estuary presents a medley .of sphinx-like prob- 
lems, and it is largely to the estuary that the tidal 
power engineer of the near future will turn for energy. 
Down the ages the engineer has struggled to woo 
to his service the power of moving water, sometimes 
by appeasement, at others by the display of costly 
force; and mostly with guesswork rather than under- 
standing as his guiding intelligence. Against him, both 
in river and sea, there is a startling array of natural 
forces, each of the allies carrying its own peculiar 
composition: the river, with its behaviour moulded 
by precipitation, by geomorphological factors, by 
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vegetable growth, by man-accelerated change; the sea, 


with its motions prescribed by the moon and the sun, 
by global heat and cold, by wind and wave formation. 
Both sets of behaviour characteristics are in them- 
selves inscrutable enough. Mix them at an estuary; 
add the problems of water densities, silt content and 
wind action; and the resulting complexity of dynamic 
forces to be diagnosed and dealt with by the engineer 
in his battle for mastery can be imagined. 

But the engineer has found an ally in which he puts 
increasing faith: the scientific tidal model. 


Pre-Model Conjecture 

Prior to the realisation of the potential value of the 
model as an aid to investigation the engineer stood 
at a grievous disadvantage in his attempt to solve the 
problems that dictated the pattern of his structures. 
Some of the constituent factors in the force system 
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ere, like the periodicity of tides or the hydraulic 
properties of a river channel, amenable to mathe- 
matical analysis. To a greater or lesser degree pheno- 
mena like current velocities, silt content, wave heights, 
could be measured; but the integration of causes 
which had produced a given effect, the mutability of 
that effect, its past history and future trend were 
beyond the scope of human reasoning. The point of 
observation, in terms of time, is not on a straight 
line graph but on an undulating curve which repre- 
sents the form of nature’s rhythmic cycles; and 
whether he observes from crest of the curve of a 
trough or half-way between; or what, even, is the 
shape, the period and amplitude, is a matter, 
generally, of mere conjecture. 

It is true that the rhythms of change from a com- 
bination of unaltered factors are responsive to cyclic 
analysis; but for cyclic analysis, which is an infant 
science, long term records are needed; and recordings 
by man of rainfall and river runoff, of tidal currents 
and bar formation, of floods and ocean erosion, are 
very short and still pitifully meagre. Apart from a 
few exceptions such as the Nile readings, the oldest 
reliable records which are available are probably the 
charts of the Royal Navy dating back about a century 
and a half. Rainfall records of any value were begun 
towards the middle eighteen-hundreds and still, in 
many regions, are either non-existent or meagre. 

As an example, recent studies for a major hydro- 
electric project in Africa had to be based on twenty 
year records of about thirty rain gauges in a catch- 
ment area of a hundred and fifty thousand square 
miles. 

This, then, was the engineer’s ammunition: sparse 
and pitifully short records, the longest of which hardly 
covers the full secular cycle of a hundred and fifty-two 
years recognised by the cyclic analyst and the majority 
of which do not extend to half-a-dozen eleven-year 
solar cycles. He has, of course, in some regions, 
natural records: the varves, or silt layers, of lake 
deposits; the widths of tree rings; the recessive pat- 
terns of glaciers; and the like. But records of this sort 
are geological rather than historical, indicative of 
trends but incapable of quantitative examination; too 
nebulous altogether for the definition of structures. 

Thus, faced with an incalculable system of forces 
and of short records of their effects, the engineer had 
no recourse but to guesswork and, in the design of 
his structures, the costly expedient of trial and error. 





ANGE IN VELOCITY OF WATER ~"\ 





Fig. 2. Tide and velocity silhouettes for use with 
curve follower 
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Fig. 3. Control panel for electronic tidal model 


Even the widest experience was at a discount. The 
diversity of factors in tidal and waterway studies and 
the delicacy of the balance of their interdependence 
make no two problems alike. 


First Development of the Model 

Then came the conception of the model: a con- 
trivance in which measured phenomena could be 
reproduced in miniature, and, by the compression of 
time, past effects checked against such periodic 
records as existed, and the future projected. With, say, 
a three minute tidal cycle the effects of a century in 
nature could be telescoped into a matter of five 
months. 

In theory the engineer had found his philosopher’s 
stone in stripping the estuary of its secrets. But the 
model brought with it a host of problems, of mech- 
anical limitations and technical shortcomings, which 
had—and still remain—to be overcome in order to 
make it an instrument capable of the faithful repro- 
duction of natural conditions. 

The first tidal model, as far as is known, was built 
in France in 1875 by M. Fargue for a study of the 
River Garonne between Bordeaux and the sea; and 
although its scales and time period are not based on 
scientific study it is reported to have given good 
results. Then, in 1885, the second model on record 
was constructed by Professor Osborne Reynolds and 
it is on this model of the River Mersey and on 
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Fig. 4. Moulding of an estuary at the beginning of a test 


Reynolds’ subsequent work that most of the present 
knowledge of model operation is based. 

The object of Reynolds’ investigations was to test 
his theories concerning the circulation of water, the 
accompanying eddies, and their bearing on channel 
formation in the estuary of the Mersey; and in this 
Mersey model the tides were propagated by means of 
a hinged tray which at first was operated by hand. 
Starting with a flat bed of sand, Reynolds found by 
trial that he could form channels, closely resembling 
nature, by operating the hinged tray over a cycle of 
about 40 seconds. The scales which he had adopted 
were | : 31,000 horizontal and 1 : 960 vertical, a dis- 
tortion of 33-1 : 1; and Reynolds subsequently realised 
that the model tide period could have been calculated 
from the relationship: 

Txvy 





to 


x 
where t, is the model period, T the naturai tidal period 
and x and y the horizontal and vertical scales. In 
his model the tidal period was, by calculation, 43-5 
seconds. 

In Reynolds’ model silica sand was used as the bed 
material and although particle size was not recorded, 
Professor A. H. Gibson, measuring sands similar to 
those used by Reynolds, gives a particle size of 
0-00648 inches and a specific gravity of 2:54. The 
time factor, introduced for the first time in a model, 
is of special interest in that Reynolds found, by trial, 
that a tidal period of 40 seconds was necessary as the 
tidal velocities are dependent on the tidal wave, both 
being generated by a common mechanism; and he 
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observed, moreover, that any alteration tc this period 
produced phenomena inconsistent with those found 
in nature. Then, in the matter of scale distortion he 
favoured an exaggeration of the vertical scale. His 
first model had an exaggeration of 33-1: 1 and his 
second, 26:7 : 1; and he remarked: “ From my present 
experience, in constructing another model I should 
adopt a somewhat greater exaggeration of the vertical 
scale.” 


Expansion of Model Practice 

Until comparatively recently, Reynolds’ work has 
been the basis of all model experiment, in Great 
Britain in particular; and there is no doubt that 
models patterned on his principles of time scale, bed 
material, and tendency towards extreme exaggeration, 
have given good results. The hinged tray was replaced 
by the plunger as a means of propagating the tide, 
and various materials were used in substitution of 
silica sand as a bed material. Overseas, in Europe and 
the U.S.A., the rising weir mechanism rather than the 
plunger was developed; but in both these mechanisms 
the tidal range was based on a cycle of 28 average 
tides covering an ebb-flood period. 

In the general development of the model there does 
not appear to be any progression in the matter of 
scales. The table on the opposite page sets out in 
chronological order the principal models which have 
been constructed. 

One significant tendency can be detected in the list. 
With one exception the models built in Britain have 
horizontal scales ranging from 1 : 1,500 to 1 : 40,000, 
with distortions of from 20:1 to 100: 1; whereas 
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Fig. 5. Estuary after a test run 


those built in Europe and the U.S.A. have with few 


exceptions horizontal scales of | : 20 to 1 : 1,000, with 
distortions of 2:25: 1 to 6-7: 1. This divergence of 
practice may perhaps be accounted for by three 
reasons: 

|. British practice has tended to follow closely on 
the work of Reynolds and on his inclination to 
extreme exaggeration. 








2. Greater attention to hydraulic laboratory in- 
vestigation in Europe and the U.S.A. has resulted in 
the construction of buildings designed to give ample 
space while in Britain lack of space in such labora- 
tories as exist may have dictated the smaller scales. 

3. In general the British models cited have been 
concerned with more extensive areas than those in- 
volved elsewhere. 


TABLE OF NOTABLE MODELS 














7 | Horizontal Vertical , , 
Date Model Country Scale Scale Distortion 
1885 Mersey Britain j 1: 31,680 1 : 960 | 
| 1: 10,560 1 : 396 2r:8 
1886 Seine | France 1 : 40,000 1 : 400 40:1 
1903 Thames | Britain 1 : 10,560 1 : 384 3 i Pe 
1924 Bombay India we ae b: ae 1 : 96 76:1 
| (British Engineers) 
1926 Severn | Britain a8 j 1: 8,500 1: 100 85:1 
| 1: 8,500 1: 200 42:5:1 
1926 Neva Bay U.S.S.R. 1 : 10,000 1: 100 100: 1 
circa 
1930 Wilhalminahaven Holland 1 : 200 1:75 2-67: 1 
circa 
1930 Hook of Holland . | Holland 1 : 1,000 1: 150 e737 
1933 Brooks Point, Mississippi | U.S.A. 1:1,000 | i: 8:1 
1934 Zeebrugge e ee Holland 1: 460 | 1:60 67:1 
1935 Abidjan, Ivory Coast ... | Holland 1 :270 1: 120 ry = ee 
1936 Great Ouse and Wash . | Britain 1:2,500 | 1 : 60 41:7:1 
1939 Rangoon ; aM _ | Burma 1 : 8,060 | 1: 192 42:1 
1939 Cheshire Dee | Britain 1 : 5,000 1: 200 5:=:2 
1 : 40,000 1 : 400 100: 1 
1942 River Parrett Britain 1 : 3,000 1 : 260 ; IbS:1 
1945 Mississippi U.S.A. 1 : 2,000 1:100 | 20:1 
1948 j Penang Britain 1: 1,500 ep 20: 1 
| Prai_ River Britain 1 : 560 1: 150 i 
47\ 
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The Major Defects 

The question of scale is fundamental. Distortion 
must not be such as to give modelled banks slopes 
greater than the angle of repose of most bed materials 
in order to adhere to natural effects; and the time 
scale, in models of the plunger or rising weir type, 
was limited to the Reynolds’ scale relationship. A 
possible solution to the time and scale limitation lay 
in some departure from this relationship, coupled with 
the use of bed materials which would with greater 
accuracy reproduce the threefold movement observed 
in nature of rolling, siltation, and suspension. 

In the earlier models silica sand was favoured as a 
bed material, and it was found that materials of lesser 
specific gravity could only be used with success when 
the linear and time scales were increased. After much 
experimental work the most satisfactory materials 
apart from silica sand were found in powdered 
pumice, expanded clay, and gilsonite; but great 
caution in the use of lightweight materials of a specific 
gravity of about 1-2 was necessary. 

The behaviour of bed materials, however, remained 
not fully understood, and this, together with the 
limitations imposed by the tide generating apparatus, 
constituted the two serious defects in tidal model 
technique. 

In spite of its deficiencies the tidal model with the 
plunger or rising weir mechanism, as generally used 
until recently, proved its worth. At the modest outlay 
of some thousands of pounds spent on model investi- 
gation, proposals for new works were framed on a 
sound basis and in their construction hundreds of 
thousands, even millions, of pounds saved. Not only 
new works could be examined as to their suitability 
for their purposes but existing muddles of the trial- 
and-error era could be tested and the remedial 
solution, sometimes comparatively simple, found. 

The success of the model, however, could only be 
regarded as partial. Larger scales were needed, 
sectional examination of smaller areas desirable, im- 
provement in bed materials essential; and above all, 
perhaps, freedom from the limited variations of epi- 
cyclic gearing was urgently wanted. 


New Ideas 

In 1947 the problem of a river port in South-East 
Asia initiated a chain of research which, it may now 
be made known, has succeeded in eliminating these 
main defects of the tidal model. 

The problem was typical of many such. Thirty years 
ago the administration of a railway system wished to 
build a deepwater port at the mouth of a river. The 
river was short; the catchment area small; the flood 
flow no more than 20,000 cusecs; and the estuary 
appeared to be favourably situated in sheltered straits 
between an island and the mainland. At a cost of 
some £2 million a first-class port was built. Within 
two years siltation at the river mouth was found to 
have outstripped the dredging resources, and tended 
to get worse. A succession of authorities examined 
the problem, and as a remedial measure a groyne was 
built. The groyne did nothing to stop the deteriora- 
tion; and eventually the railway found itself in 
possession of a modern deepwater port cut off from 
the sea by an irrepressible bar which could only be 
negotiated by coasters and shallow draft vessels. An 
extension to the groyne was mooted but first the 
scheme was referred to consulting engineers. 
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After investigation at the site the consulting engir- 
eers, Sir Bruce White, Wolfe Barry and Partner, 
came to the conclusion that the multiplicity of forc« s 
at work was such as could only be grasped after 
exhaustive model tests; and in the course of these 
tests at their laboratory at 1 Lygon Place, Wes\- 
minster, the research, which resulted in the adoption 
of a revolutionary technique in tidal model practice 
began, and still continues. 

It was realised in the beginning that a bed material 
more mobile than silica sand was a primary require- 
ment; and, secondly, that for the accurate representa- 
tion of coastal progradation and retrogradation the 
changing tidal range must be reproduced; that results 
from average tidal cycles were misleading; and that 
only by propagation of the full annual tidal cycle 
could results be obtained which would be sufficiently 
reliable as a basis for prediction. 


Satisfactory Bed Materials 

In the matter of bed material it was necessary to 
carry out considerable research in the use of light 
weight materials which were prone to riffling and 
also in the general causes of movement, particularly 
under reversing flow. As a result it was found that 
granulated pumice crushed to an average grain size 
of one millimetre gave a fair reproduction of the 
natural siltation in the river mouth; but a certain 
lack of consistency in movement indicated that its 
use was limited to general trends rather than repro- 
duction of precise sequences of siltation and bed 
changes. 

Attention was then given to granulated perspex; 
but some trouble was experienced with this material 
owing to the formation of unnatural riffles. Further 
research on the properties of various substances 
resulted in the eventual selection of a mixutre of 
plastics of varying specific gravities ground to a suit- 
able size. This, in practice, provided a very satis- 
factory solution to the hitherto baffling problem of 
bed materials. 


Accurate Tide Propagation 

Turning to the second major deficiency in model 
operation, the tide generating apparatus, it was felt 
that the displacement plunger and the rising weir 
were incapable of reproducing with sufficient accuracy 
the tidal phenomena. In addition to the tidal rise and 
fall of water level causing a varying flow in and out 
of the river there were tidal streams varying in strength 
and direction up and down the coast to be reproduced. 
A special apparatus capable of producing controlled 
ebb and flood streams independent from, yet syn- 
chronised with, controlled rise and fall was considered 
necessary; and after a great deal of research and 
experiment such an apparatus was_ ultimately 
devised. 

The basic components of the apparatus are a curve 
follower, a photo-electric cell, and an electronic con- 
trol which actuates the flow, or rise and fall, generator 
unit. The profile, or rather, silhouette, of tidal move- 
ment is drawn on a strip of paper which is made to 
traverse a beam of light which then follows the sil- 
houette automatically, the movement of the beam 
being recorded by a photo-electric cell and transmitted 
to the electronic control units, which in their turn 
initiate the tidal change. 

In more detail, the principal features of this newly 
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Fig. 6. Flood tide; the formation of eddies photographed 


developed system of electronic control are: 

(i) A supply main is placed in a suitable position 
in the model to allow ingress and egress of a volume 
of water to represent the rising and falling tides. The 
water supply is drawn from an overhead tank and 
enters the main and the model during the upward 
stroke of a piston valve, escapes into an under- 
ground tank on the downward stroke, and is re- 
turned to the overhead tank by a pump. The piston 
valve is controlled by a motor which in its turn is 
controlled by an electronic servo mechanism. Move- 
ment is actuated by a curve follower in which a beam 
of light is made to follow a silhouette drawn on a 
strip of paper which is fed past the light beam at a 
given speed. The silhouette is the continuous plotted 
curve of tidal rise and fall for the full year, either 
actual or predicted. 

(ii) Impellers are introduced at suitable points out- 
side the model, but in connection with it, to create 
water movement in either direction according to the 
state of the tide; and the impellers are driven by a 
motor which is controlled in a similar manner to the 
piston valve motor. In this case the silhouette which 
is translated into movement is a velocity curve, pre- 
pared from measurements taken at the site. 

(iii) The control instruments are specially designed 
sensitive flow meters, one controlling rise and fall and 
one the velocity. When placed in a selected area of the 
model they are in electrical balance with correspond- 
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ing instruments in the motor control circuits—which 
take their setting from the curve silhouettes, while 
those in the model, being out of balance, cause elec- 
trical energy to be supplied to their respective motors 
until the balance is restored. A similar set of these 
instruments is mounted on a frame which allows them 
to be placed at any point in the model and, when at- 
tached to a suitable recording instrument, will produce 
records of rise and fall or velocity at any point in the 
model. 

In practice the equipment which has been described 
has proved most successful and has produced, for the 
first time, accurate reproductions of natural flow con- 
ditions. Moreover, for the first time comparison of 
results obtained from average tidal cycles and full 
annual cycles was made possible; and the misleading 
results which may be expected from the use of average 
cycles, to which the geared plunger mechanism is 
limited, were revealed. 

Then, it will be appreciated, by virtue of its prin- 
ciples the electronically controlled model possesses 
another characteristic, incidental perhaps, but very 
important. 

With the plunger or rising weir mechanism it was 
necessary to reproduce in a model considerable 
lengths of a river or of a tidal course in order to study 
a localised effect; and the wastefulness caused by this 
imposition is obvious. The investigator, restricted by 
space considerations, was tied to an undesirably small 
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scale and to much superfluous modelling. Now, with 
independent control of rise and fall and of velocity, 
modelling may be confined to the area relevant to the 
problem and the use of larger scales will contribute 
to the higher degree of accuracy of the results. Nor 
is the investigator tied to the Reynolds time-scale 
relationship. Cycles may be adopted which, by experi- 
ment, occasion the most sensitive movement of bed 
materials. 


Deficiencies still to be overcome 

It must not be assumed that, even with the advances 
described, the technique of model operation has at- 
tained perfection. Precise forecasts of the rate of 
siltation, for example, are still beyond the interpreta- 
tion of the model; nor can it be relied upon to give 
exact quantitative values for the depths of water or 
of silt deposits, although on occasion a remarkably 
close reproduction of natural bed movement has been 
achieved. The model does, however, demonstrate with 
certainty the relative value of various proposals for 


new works, subject to the proviso that when estimat 
ing rates of siltation an adjustment factor based o1 
an assessment of actual conditions must be appliex 
to the results. Research on these further problems o 
model operation and its limitations is continuing 11 
the same laboratory which has so far produced tw: 
novel developments in technique and where it is con 
fidently felt that none is incapable of solution. 
However and wherever made, with each advance 
in model technique a service of incalculable value i: 
rendered to the engineer and to his client or his ad 
ministration. In furthering his understanding of his 
old opponent, that epitome of hydraulic complexity, 
the estuary, the engineer has now, in the improved 
tidal model, an armament which bids fair to swing 
the battle in his favour; an armament strong enough 
not only to neutralise but to win over to his purposes 
the ill-assorted melange of forces hitherto ranged 
against him, much to the benefit of his own peace of 
mind and to the advantage of the authorities who 
once paid the piper and were unable to call the tune. 





Standard Units of Measurement 

The National Physical Laboratory is preparing a 
new short series of pamphlets describing the units and 
standards of measurement employed there. The first 
of the series,* dealing with the fundamental units of 
length, mass and time, is now available. The pamphlet 
also defines the derivatives from these fundamentals, 
namely, the units of volume, density and specific 
gravity and deals with the acceleration due to gravity, 
as well as with force and pressure, with particular 
reference to barometric pressure. Both the British 
Imperial system and the International Metric system 
are dealt with in the pamphlet. 

The standards in the British system are of course 
the basis for the whole of our weights and measures 
and as such they are of cardinal importance to all 
branches of engineering, science and industry. In their 
more obvious applications, they are responsible for 
maintaining the accuracy of the length of a yard of 
cloth or the weight of a pound of sugar. 

To mention one section of the pamphlet, it is recorded 
that the Imperial Standard Yard is in the custody of 
the Board of Trade. This standard is a bar of bronze 
| in. sq. in section and 38 in. long. At 1 inch from 
each end is a hole 4 inch in diameter and 4 inch deep. 
At the centre of and flush with the bottom of each 
hole is inserted a polished gold plug on which three 
lines are drawn at right angles to the length of the 
bar. The length of the yard is defined as the distance 
beween the central lines on these plugs when the bar 
is at a temperature of 62°F. and is supported by 
rollers placed under it to avoid flexure. There are 
several copies of it, known as Parliamentary copies. 
One is at the Royal Mint, another at the Royal 
Society, another at Greenwich and one at the Board 
of Trade. One copy is immured at the Palace of West- 
minster. What happens in practice is that the National 
Physical Laboratory periodically compares these 
copies, except the one at Westminster, with the 
Imperial Standard Yard. This must be done under the 
provisions of an Act of 1878. The last comparison 
was made in 1947-8. On this standard depends finally 
all the micrometers and gauges used in British 
industry. 

Some idea of the accuracy attained in the measure- 
ment of standards can be seen in the section on time. 
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The section of the pamphlet describing precision 
clocks says that owing to the nature of the radio 
signals (broadcast through Rugby from Greenwich), 
the precision of their comparison with the clocks is 
limited to a few tenths of a thousandth part of a 
second, but the intercomparison of the clocks them- 
selves can be carried out considerably more accurately. 





* ‘Units and Standards of Measurement employed at the National Physical 
Laboratory. I—Length, Mass and Time” is published for the D.S.1.R 
by H.M.S.O., price 9d. (25 cents U.S.A.), by post 104d. 
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functions of the pressure drop through the valve, AH. 
This corresponds to the theoretical diagram of Fig. 3. 

The determination of the coefficient k, by the pro- 
cedure described earlier has been done with nozzles 
of different diameters. This has led to values of k, 
practically equal for each angle of the disc, verifying 
the law Q?=k, D‘AH, k, being a function only of 
the angle. 

As predicted, the values of k, are much greater 
than in the preceding cases. Specifically, for the type 
B disc at a=30° (Fig. 14), we find k,=4-40 m./sec.” 
(14-4 ft./sec.?) instead of 1-65 m./sec.” (5-41 ft./sec.*) 
for the same disc and the same angle under conditions 
of complete “priming” or of no “priming” (Fig. 11). 

The laws of force and torque as functions of AH 
are linear, as predicted by the theoretical diagram 
of Fig. 2, comparable with the example of Fig. 14. 
The slopes of the straight lines P and C are, as pre- 
dicted, much greater than those of the preceding cases. 
However, the straight lines P and C do not always 
pass exactly through the origin. 

Finally, for certain results obtained with the greatest 
upstream pressure H and the largest nozzle, and posi- 
tions of the disc near closed, the corresponding points 
are situated: 

Q’, below the straight line Q?=k, D‘AH 

P, above the straight line P =k, D? (AH - H,) 

C, below the straight line C =k, D*(AH - H.) 
These results appear to be due to a beginning of cavi- 
tation which will be discussed in the next section, at 
the same time as the opposite condition, noted at the 
end of section (a), which is related to it. 

(To be continued) 
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Hydro-Electric Development in 
Madagascar 


Some advance particulars are given of the Tsiaz- 

ompaniry project, now under construction, which 

will ultimately comprise four 6,500 h.p. double 
horizontal Francis sets. 


ADAGASCAR—\the fifth largest island in the 

world—was stated at the 1950 World Power 

Conference to have a hydro-electric potential 
greater than that of the whole of France, of which it 
is a Dependency. One waterfall alone had a potential 
hydro-electric capacity of 80,000 kW. 

The island, which is 1,000 miles long and approxi- 
mately 350 miles wide at the widest point, has a chain 
of mountains running down its centre, and from these 
numerous rivers flow to the coastal plain. The prin- 
cipal town, known in French as Tananarive and in 
English as Antananarivo, is situated almost in the 
centre of the island and has a population of 180,000 
inhabitants. It is in that area that the principal 
electrical loading is situated, and now approaches 
18,000,000 kWh per annum. 

The present power developments in Madagascar 
comprise two hydro-electric stations at Antelomita, 
supplying Tananarive; a small station at Antsirabe, 
totalling 960 kW in two units: a station at Fianarant- 
soa, with two 150 kW units: a somewhat larger station 
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at Tamatave, having a total of 3,060 kW of hydro- 
electric plant; and a few small diesel or steam stations 
in other parts of the island, none exceeding 1,000 kW 
in size. 

The principal project now in the course of imple- 
mentation is concerned with increasing the supply to 
Tananarive. The first station supplying this town, 
known as Antelomita I, of 1,700 kW, was put into 
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Fig. 2. Map of Madagascar showing hydro-electric 


Fig. 1. Map of drainage system serving Tananarive and thermal stations 
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Fig. 3. Third fall at Varahina showing part of the power-station site 


service in 1906 on the Ikopa river, 22 km. distant. 
The plant consists of three horizontal turbines of 750 
h.p. each, operating under a head of 20 m. This plant 
was augmented in 1926, when the Antelomita II 
station was constructed containing two vertical tur- 
bines operating under a head of 20 m. and developing 
1,300 kW each. This provided a total installed capacity 
of 4,300 kW. 

In 1937 a dam and reservoir at Mantasog on the 
Varahina Nord afforded greater control of the Ikopa 
river, and the Antélomita station was able to operate 
in such a fashion as to give a considerable increase 
in annual output, reaching 21,000,000 kWh. In 1950, 
a third unit was installed at Antelomita II, again 
having a capacity of 1,300 kW, and in the earlier 
station, Antelomita I, the earlier sets were replaced 
by 1,300 kW sets, thus bringing the total capacity up 
to 7,800 kW. 


CULVERT LEFT ABUTMENT 





The growth of populatio: 
and of industry in the Tan 
anarive area led to the ap 
pointment of a missio 
from Electricité de Franck 
arranged by the Ministre d 
la France d’Outre-Mer, t 
consider methods whereb 
the electrical energy supplie 
in this region might be 
augmented. 

This mission reported that 
two possible sites for new 
hydro-electric stations were 
practicable. These comprised 
a dam and power station at 
Tsiazompaniry and a further 
station at La Mandraka. It 
was finally decided to con- 
centrate on the Tsiazompaniry 
project. 

This scheme provides for 
the harnessing of two rivers, 
the Varahina Sud and the 
Manandriana at a point near 
their confluence. Two dams 
are being built feeding the 
same power plant. The site 
is near the village of Tsiazompaniry, some 50 
km. south-east of Tananarive, in the district of 
Ambatolampy. 

The Varahina river has two branches—the Vara- 
hina Sud and the Varahina Nord—which together 
feed the Ikopa river. Of these the longest is the 
Varahina Sud, and in its course, which is roughly 
due north, there is within 40 km. of its source a series 
of basins with flat bottoms. A smaller river flowing 
from the east and joining the Varahina Sud just to 
the west of Tsiazompaniry, has similar topographical 
features. 

The catchment area of the Varahina Sud up to 
Tsiazompaniry is some 283 sq. km., and of the Man- 
andriana up to the same point, 83 sq. km., giving a 
total catchment area of 336 sq. km. The mean annual 
rainfall between 1938 and 1948 for this area was 1,530 
mm., and the coefficient of run-off in this period was 


MANANDRIANA RIGHT ABUTMENT 





Fig. 4. View of the Manandriana 
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damsite looking downstream 
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0-6. During the period from 1939 to 1944, it was 
found that there were two years in which the rainfall 
was very high, two years in which the rainfall was 
very low, and one year in which the rainfall almost 
exactly attained the mean figure for the ten-year 
period previously quoted. 

In order to ensure that the capacity of the reservoir 
should be suitable for annual storage, very many 
figures of rainfall and run-off on the two rivers and 
on the Ikopa (into which they run at Antelomita), 
were taken over a period of years. It was decided that 
it was necessary to have a capacity greater than 230 
million cu. m. The peak flow at Tsiazompaniry during 
the years 1938 to 1948 was 70 cu. m. per sec. 

The ground in the region of Tsiazompaniry is com- 
posed of extremely sound and homogeneous rock, 
and is eminently suitable for the construction of dams. 
The two reservoirs are being connected by a short 
subterranean tunnel. In the planning of the combined 
barrage there was some considerable difficulty in 
ensuring that at periods of high water it would not 
result in undue flooding of the agricultural lands on 
which the village of Tsiazompaniry depends. The 
head available at the power station is 57 m. The 
normal water level in the reservoir is to be maintained 
at 415 m. above datum level, and above this the spill- 
way vanes will be opened to maintain the head at this 
level. The absolute height of the water behind the 
dams will be 417 m. above datum level. 

The total length of the Varahina dam will be 365 
m. and the maximum height 24 m. The rock on which 
it is constructed is extremely sound and well knit, 
and there is little risk of filtration under the founda- 
tions. The mass gravity type of dam has been adopted, 
with concrete linings, the use of stonework being 
prohibited because of the lack of qualified masons in 
Madagascar. 

The type of concrete employed uses 2,000 kg. of 
cement per cu. m., and for the vital portion at the 
bottom where watertightness is absolutely essential, 
the strength was increased to 3,000 kg. per cu. m. At 
every 30 m. along the concrete facing expansion joints 
are situated with a plastic material between the inter- 
locked edges. An inspection gallery is built into the 
dam, so that the state of the concrete can be inspected 
at all times. An evacuation conduit, equipped with a 
valve, is provided, having a diameter of 2 m. 

The Manandrian dam is also sited on very sound 
rock, and the same type of construction is being 
adopted. The level of the crest of the dam is to be 
416 m. above sea level, and the dam will have a length 
of 237 m. with a maximum height of 23 m. Two 
evacuation conduits are being fitted, which also serve 
to take the place of spillways to deal with high-water 
conditions. These three conduits, i.e. two from the 
Manandriana dam and that from the Varahina dam, 
will enable an excess water flow of 110 cu. m. per 
sec. to be disposed of, and if necessary to evacuate 
the whole of the reservoir area created by the two 
dams in 25 days. Both dams together will have a 
Storage capacity of 175 million cu. m. of water. 

The tunnel joining the two reservoirs will have a 
section of 15 sq. m., and will be 120 m. long. Valves 
are being installed at each end, so that either of the 
reservcirs can be emptied. In view of the excellent 
quality of the rock, the tunnel will be unlined except 
at the ends. 

The intake to the turbines commences at the Man- 
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andrian dam and will be provided with a screen 
having the bars spaced at 80 mm. The rivers, how- 
ever, are not liable to carry considerable quantities 
of large trash, and it is not expected that there will be 
serious difficulties from this cause. 

A sluice valve is fitted at the intake point, situated 
in a vertical pit at the edge of the dam. A venturi 
effect is created at this point by reducing the diameter 
of the section to 3 x 4 m. From here a tunnel, 15 sq. 
m. in area and 620 m. long, sloping at 3 mm. per 
metre, and having a capacity of 30 cu. m. of water 
per second, will lead to the surge shaft on the flank 
of the hill above the power station. This will consist 
of a vertical shaft 6:5 m. in diameter and lined with 
concrete. The water will pass from this point through 
another tunnel with a slope of 30° and having a circu- 
lar section of 20 sq. m. It will be lined throughout 
with concrete and will be 100 m. in length. 

The next stage of the water passage will consist of 
a level tunnel of the same section and 110 m. in length. 
This will lead to the pipeline which will be 80 m. long 
and 2°8 m. in diameter, anchored by means of concrete 
blocks. 

The power station is being constructed on the side 
of the Varahina river, and is built on a concrete base 
placed on the solid rock, and comprises a steel frame- 
work faced in stone. There will be a machine room, 
control room, workshop and offices, together with 
accommodation for the switchgear and transformers. 

The first stage will employ two units, comprising 
double horizontal Francis turbines of 6,500 h.p., run- 
ning at 500 r.p.m., directly coupled to 5,800 kVA 
alternators generating at 5,500 V. The machine room 
will be large enough to accommodate four sets. The 
auxiliaries in the station will be fed from the 60 kV 
bars through a 60,000/220 V transformer. This will 
enable the auxiliaries to remain alive when the station 
is shut down, as the 60 kV lines will be fed back from 
the remote end. A 300 kVA diesel generator is avail- 
able in case of emergency. 

The substation, situated outside the building, will 
contain two three-phase transformers, of 5,800 kVA 
capacity, the auxiliary transformer mentioned above, 
and the necessary circuit breakers coupled to a single 
busbar. One outgoing circuit will be provided, and 
this will be coupled directly to a substation at Tanan- 
arive, which, in turn, is coupled to the Antelomita 
station by 20 kV lines shortly to be raised in voltage 
to 35 kV. The line between Tsiazompaniry and 
Tanarive is 60 km. long, and is carried on steel towers 
which support steel-cored-aluminium conductors. 

As well as providing considerably increased power 
resources for Tananarive and the surrounding locality, 
the implementation of the Tsiazompaniry hydro- 
electric project will also have the advantage of con- 
trolling the flow of the Ikopa river, and thus assist 
greatly in the irrigation of the plain at Betaimitatatra 
through which it passes, and also of improving the 
operation of the existing station at Antelomita by 
enabling greater efficiency of operation and better 
usage of stored water. 


Air Photography. An attractively produced brochure 
issued by Aerofilms Limited describes the firm’s acti- 
vities in air photographic work. The illustrations 
include air-photo maps, progress “reports” of in- 
dustrial developments, and other interesting applica- 
tions of air photography. 
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Abstracts from the 
World Technical Press 


Grouted Preplaced Aggregate for 8-ft. Slabs 


This article describes the method used to construct 
an 8 ft. thick base slab for the Corps of Engineers’ 
Whittier Narrows Dam in California, a method which 
consisted in pumping grout into preplaced aggregate. 

The dam as a whole involves an earthfill dike 3-2 
miles long and ranging in height up to 56 ft. 
Hydraulic considerations of the design required a 
spillway structure including nine 50 ft. wide auto- 
matically operated radial gates; the base slab sup- 
porting the gates is divided into three monoliths, each 
containing about 6,000 cubic yards of concrete. Each 
monolith was formed in three pours with construction 
joints running parallel to the gates. The use of pre- 
placed aggregate and subsequent pours of grout was 
adopted after it had been ascertained that regular 
concrete would require the pouring of 182 ft. long 
monoliths in seven continuous pours each just under 
1,000 cu. yards. Such pours would have involved the 
setting up of a large concrete batching and mixing 
installation, not to mention the introduction of 
structural uncertainties. 

The first step in the process, after the outside forms 
had been erected, was to preplace the aggregate and 
reinforcing steel, placing at the same time 1} in. dia. 
grout pipes on 6 ft. centres extending to the bottom 
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of the slab. The monoliths being divided into three 
sections, each “ pour” consisted of a slab 364 ft. wide 
by 182 ft. long. Preplaced aggregate was first 
thoroughly soaked with water for 24 hours imme- 
diately preceding pumping; this not only lowered the 
aggregate temperature but also guarded against any 
tendency that the aggregate might have to draw water 
out of the mortar and reduce its fluidity. 

Grout was pumped into eight pipes at a time, row 
by row, grout being pumped into the first row until 
the bottom of the second grout pipe row was covered, 
whereupon pumping in that row started. Grouting 
through any one of the preplaced pipes was stopped 
when grout rose to the surface around the pipe, a top 
form was then placed on the aggregate and grout 
was injected through it to bring mortar to grade. To 
ensure a flat surface the forms were weighted down 
by double 12 in. H-beams bolted together. 

An additional silo was provided at the grout batch- 
ing plant for a pozzolan admixture, used in addition 
to cement to improve the workability of the grout 
mixture. Also involved in the mix was a small 
amount of an air antraining and wetting agent 
patented by the Prepakt Company. 

Grout was mixed in a special double-drum gas- 
powered mixer, and pumped through a 2} in. line 
to a battery of four secondary pumps which conveyed 
the mix into the aggregate. As all of a batch could 
not be pumped at one time agitators were fitted 
ahead of each pumping station to keep the grout 
in suspension. 

By means of this machinery about 30 cu. yards of 
grout was pumped per hour. With a void content of 
about 37 per cent., the 2,000 
cu. yard block was placed in 
about a 24-hour period. Core 
samples cut from the slab have 
shown that good concrete is 
produced by this process; it is 
high in unit weight (151-4 Ib. 
per cu. ft.), has good aggregate 
contact, and averages 2,751 Ib. 
per sq. in. on 90-day tests. 
(Engineering News - Record, 
Vol. 147, No. 13, 27.9.51, p. 32, 
4 pp.. 11 ff.) 


Water Power Develop- 
ment in Hyderabad 


The main purpose of the 
Nizamsagar scheme is irriga- 
tion, as is generally the rule in 
India, and this is actually the 
largest irrigation scheme that 
has so far been constructed in 
the Hyderabad State; it was 
started in 1924 and water was 
first given for irrigation in 1930. 
The main canal is 724 miles 
long, and its bed level in the 
first reach drops 10:5 ft. at 
three points; these drops, com- 
bined with the variable head in 
the reservoir, give a maximum 
gross head of 68 ft. and a mini- 
mum of 45 ft. which is to be 
utilised for the generation of 
- hydro - electric power. The 
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Fig. 1. Proposed programme of power supply 


necessary major civil works have been completed, and 
what is now required is a power house, a tail race 
channel and the transmission line. 

The canal discharge is 3,400 cusecs at its maxi- 
mum and 750 cusecs at its minimum, corresponding 
to a maximum capacity of 15,000 kW and a mini- 
mum of 2,000 kW. Total installed power will be 
equal to this maximum and comprises three generat- 
ing sets of 5,000 kW each. Owing to the fluctuation 
in the power available, Nizamsagar will be inter- 
connected with the Hussain Sagar thermal station in 
the City of Hyderabad itself. 

The tail race channel will be fully lined with 
6 in. thick concrete slabs, cement concrete being 
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Fig. 2. Cross-section through typical power station 


used in the upper reaches, where velocity exceeds 
10 ft., and “Surkhi” concrete in the remaining 
portion. 

The exact location of the power house and its 
design were undecided at the time civil work started, 
and excavation did not begin earlier than in 1946. 
On July 21, 1947, the progress of work was inter- 
rupted, following a breach in the wall separating the 
irrigation canal from the site of the power house and 
the flooding of the tail race channel and pit. After 
careful consideration, it was finally decided on Sep- 
tember 5, 1947, to retain the existing site but to 
shift the power house 25 ft. lower down; to safeguard 
against future mishaps, it was further decided to con- 
struct a “pukka” masonry retaining wall, and to 
pave the canal bed with cement concrete. These pro- 
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tective works as well as the excavation for the power 
house have been completed. 

The power house proper, penstocks, spiral casing, 
draught tubes, etc., have now to be constructed; work 
on the draught tubes, which had already started, has 
been delayed by the difficulty of obtaining steel, 
cement and other materials. About 900 tons of steel 
and 3,500 tons of cement are required; subject to 
these materials as well as the machinery being re- 
ceived in time, it is expected that the power house 
will be completed in about 18 months time. 

The contract for power plant has been placed with 
the English Electric Co. Ltd., London, W.C.2. Each 
of the three turbines will be linked up with two vents 
of the head sluice by means of twin penstocks, and 
will be capable of taking about 1,200 cusecs of dis- 
charge and generate 5,000 kW. 

The installation of the complete power plant is 
expected to take about two years but the first unit 
will be ready to start partial generation at an earlier 
date, probably by about the middle of 1952. The 
whole plant is scheduled to be completed in 1954. 
(Mohammed Ibrahim, M.Sc., B.E., Irrigation and 
Power, Vol. 8, No. 2, April 1951, p. 245, 7 pp., 10 ff.) 


Fast Cableway and Cool Mix at Pine Flat 


A newly developed high-speed cableway that 
enables concrete to be poured in larger quantities 
and faster, and concrete-cooling facilities laid out to 
keep the temperature of the mix below 50° F. in 
spite of high summer temperatures, are the outstand- 
ing features of the construction plant at Pine Flat 
Dam. There are actually two cableways in opera- 
tion, each rated at 25 tons capacity: a standard 
Lidgerwood rig, and the new Willamette high-speed 
cableway, the former being used for moving forms 
and performing other service functions, the latter 
attending almost exclusively to concrete placing. Both 
operate from one set of head-tower and tail-tower 
tracks, which are parallel, straight, with a span of 
2,340 ft. (dam crest length is 1,820 ft.). 

Most important reason for the faster speed on 
the new cableway (over 2,000 ft. per. min. as com- 
pared with about 1,200 ft. per min. for the usual 
systems) is the drive and its gearing; there is separate 
motive power for the hoist-drive drum and for the 
haul-drive drum. Each drum is powered by two 
250 h.p. motors located on either side of the drive 
gear, thus providing balanced torque, and there are 
no intervening clutches. Double-drum rigging is used 
but only one of the drums is powered, the other 
being an idler. As compared with a.c. motors, the 
d.c. adjustable-voltage drive motors are more respon- 
sive to control and provide smoother operation, re- 
sulting in decreased cable maintenance and longer 
life. An amplidyne control system constitutes the 
major factor in positive and smoother operation; the 
amplidynes are simply small motors developing cur- 
rent for excitation of field coils on drive motors. By 
changing output of the amplidynes, field coil-voltage 
excitation is changed and thus operating speed is 
altered. 

More equipment is required in this newly developed 
cableway. Against a single 500 h.p. a.c. motor on 
standard cableways, two 1,000 h.p. motor-generator 
sets are required and four 250 h.p. (name plate) d.c. 
drive motors, actually operated at about 400 h.p., 
are involved. However, the contractor believes that 
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additional initial expenditure is more than amply 
repaid by faster operation and more positive control. 

By using speeds of only around 1,800 ft. per min., 
this one cableway, equipped with an 8 cu. yd. bucket, 
has placed a little over 4,000 cubic yards in 24 hours, 
the required service operations being performed by 
the standard cableway. This is maximum, and the 
average capacity is assessed at 3,000 cu. yd. per day 
for distant blocks and 4,000 cu. yd. for blocks near 
the batch plant. 

The concrete-cooling works involve no devices new 
to dam construction, but the equipment is assembled 
in a somewhat different fashion. Owing to summer 
temperatures regularly exceeding 100° F. concrete 
cooling at Pine Flat proved a difficult task, and cool- 
ing facilities include air-cooled stone, screw-conveyor 
heat-exchanger-cooled cement, and addition of ice or 
refrigerated water to the mix. 

Cement is brought to the job in hopper-bottom 
truck-trailer units and dumped into a bunker; cement 
screw and elevator move it to the first of two silos, 
a screw-conveyor cooler takes cement from the bot- 
tom of the first silo, and after one pass the material 
is raised to the top of a second silo. Better cement 
cooling in mid-summer was ensured by the installa- 
tion of a third screw-conveyor serving either silo as 
needed. 

Air for aggregate cooling is pumped by fans 
through cold-water sprays with water temperature 
maintained at 34° F. From there the air passes 
through large ducts to the aggregate bins. The en- 
tire cooling plant is heavily insulated and is also 
covered with aluminium foil for heat reflection. 

A transfer car with two 4 cu. yd. hoppers is used 
for taking concrete from the batch plant to the bucket 
suspended from the cableway. The hoppers can tip 
over to dump into the buckets so as to counteract 
any tendency of the mix to segregate in the transfer 
car; this eliminates the hooking and unhooking of 
buckets, and saves time. (Engineering News-Record, 
Vol. 147, No. 14, 4.10.1951, p. 38, 4pp., Sff.) 


Impulse Tests on Transformers 


Further advances have recently been made in in- 
vestigating the behaviour of large transformers when 
subjected to an impulse test. The set-up shown in 
Fig. | consists of an impulse generator of the usual 
type, connected to one phase of the transformer, the 
other phases being earthed. The applied voltage is 
measured by means of a cathode-ray oscillograph 
connected to a special voltage divider. In view of the 
high ohmic resistance required (about 10° ohms), the 
stray capacitance of a normal divider would give 
rise to serious errors; in the Haefely-Berger type, 
however, comparatively large capacitances are 
arranged along the whole resistance element in the 
form of a cylinder surrounding it. When used at the 
maximum voltage, the total capacity is 450 pF. and 
the arrangement shows good response to both low 
and high frequencies. The divider is connected to 
the C.R.O. by a polythene co-axial cable and it is 
advisable to arrange it as closely as possible to the 
point whose voltage is to be measured; for impulse 
wave fronts of the order of |  sec., this distance may 
be of the order of several metres. Any breakdown 
of the insulation shows up as a sudden chopping of 
the impulse wave. Both earth faults and inter-turn 
faults involving more than 10 per cent. of the winding 
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may be detected, but this method is somewhat lack 
ing in sensitivity. Alternatively it is possible to 
measure the impulse current induced in the winding 
by passing them through a shunt of between 5 and 
250 ohms and applying the voltage across it to the 
oscillograph, as shown in the figure. It has been 
found that inserting such a resistance between neutral 
and earth will not affect the behaviour of the trans- 
former under impulse test. It is usual to make first 
a record of the current in the winding when applying 
an impulse of lower crest value (e.g. 50 per cent.); 
this is then compared with the result obtained when 
applying the full impulse voltage. If the insulation 
has broken down, it will be noticed that from a cer- 
tain instant onward the two traces are no longer 
similar. 

The disadvantage of this method is that the shape 
of the current wave during the first 100 » sec. when 
most of the breakdowns occur, varies greatly from 
one transformer to the next. If, however, the shunt is 
arranged in the secondary of the transformer (which is 
normally short-circuited during impulse tests), the 
wave shape will be much more consistent since a low- 
voltage secondary winding has fewer turns and its 
distributed capacity is therefore less affected by dif- 
ferences in the construction. The sweep time of the 
oscillograph is again of the same order, and no atten- 
tion should be paid to the first microsecond during 
which the trace is usually very faint and highly irregu- 
lar. Tests during which faults have been produced 
intentionally, have shown the effectiveness of this 
method. It is expected that existing French designs 
will be able to withstand the appropriate impulse 
test up to service voltages of 63 kV, at least after 
some slight improvements in the design of the insula- 
tion. For higher voltages, however, new methods of 
construction and a better type of insulating material 
will be required. (S. Kohn, “ Electricité,” Vol. 35, No. 
175, Sept. 1951, p. 226, 7 pp., 13 f.) 


Reservoir Construction in the U.S.A. 

The 240 ft. high Wolf Creek Dam on the Cum- 
berland River has now been completed. It creates 
6,000,000 acre-feet of storage, one third of which is 
to be used for flood control. Six units with a total 
generating capacity of 270,000 kW are expected to 
be installed by May 1952. (Engineering News-Record, 
Vol. 147, No. 10, 6.9.1951, p. 27, 3 ff.) 

The two millionth cubic yard of concrete has been 
placed in the Hungry Horse Dam in Northwestern 
Manitoba. Two thirds of the concrete work has thus 
been completed on this 564 ft. dam, the world’s third 
highest concrete dam. (Engineering News-Record, 
Vol. 147, No. 11, 13.9.1951, p. 26, 1 f.) 
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OERLIKON 


Minimum oil content circuit breakers type TOF 





Among further orders received, 
more than 40 Minimum oil 
content circuit breakers for rated 
voltages from 60 up to 400 kV 
and interrupting capacities from 
1.750.000 up to 8.000.000 kVA are 


under construction for water power 


coe 


~ 


CRP 


; > 
plants in Sweden. QERLIKON $3724 








iz We supply complete electrical equipments for Power production, »\ 
distribution and application. 





OERLIKON ENGINEERING COMPANY, ZURICH 50 (SWITZERLAND) 


Agencies and Representatives : 
Great Britain: Oerlikon Ltd., Victoria House, Southampton Row, London, W.C.i.—United States: Pacific Oerlikon Company, 
Box 1133, Tacoma 1, Washington.—Canada: Oerlikon-Canada Limited, 1514 University Tower Building, Montreal.—India 
Larsen & Toubro Limited, P.O.B. 278, Bombay |.—South Africa: A. M. Burgun, Mech. Engineer, 604, Maritime House, 
Loveday Street, Johannesburg. 
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33 TOTHILL STREET, WESTMINSTER, LONDON, S.W.! 
GLASGOW : 87 Union Street. LOR 


BRANCHES : MANCHESTER: Century House, St. Peter’s Square. 
NEWCASTLE-ON-TYNE: 21 Mosley Street. 


LEEDS : 70 Albion Street. BIRMINGHAM : 90 Hagley Road, Edgbaston. 


36 WATER POWER _ December 1951 








Switchgear: | 
: CIRCUIT BREAKERS & 
ISOLATING: SWITCHES 


INSTRUMENT 
TRANSFORMERS 


SWITCHBOARDS, ETC. 


Type PO/9! Low Oil Content Circuit Breaker for 80 kV, 
600 Amps, 1,000 MVA, installed at Pavia Substation of 
Esticino Company. 


Mild steel bifurcation pipe for water Fy im HYDRO-ELECTRIC PIPELINES 
supply pipeline. Suitable for a work- = 
ing pressure of 600 feet head. 








<a 


SCOTSTOUN IRONWORKS, GLASGOW, W.4 


Phone: Scotstoun 22! / Grams: “‘ Nautical Glasgow”’ 


LONDON: 10 PRINCES STREET, WESTMINSTER, S.W.| ‘Phone: WHltehall 4288 
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OF } 


ENAMELS 


WAILES DOVE BITUMASTIC LTO., HEBBURN, Co 









BITUMASTIC 


DURHAM. Telephone : 32321-5. Telegrams : 


Pipe coating 
— specify 
‘Bitumastic 
and forget 
about 
Corrosion 


We offer an unrivalled service for 
cleaning and coating pipes on site 
or in our own factory. Write for 


particulars 


U] 













* BITUMASTIC.”" 

















Want e 


When handling loads by 
man-power you cannot 
do better than instal a 
VAUGHAN Hand Crane. 
Easy to operate, and 
inexpensive to maintain, 
these hard - wearing 
rugged products still find 
unlimited uses in modern 

industry 











Gk for Cat. Section 
S.G.7 o D.G.5, 
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CRANES 





Made in Single- or Double- 
Girder Types and in sizes 
from 3 - 30 tons capacity. 


Roller bearing runners, 
high factor of safety, 
worm geared hoisting 
motion 


THE VAUGHAN CRANE CO. LTD. 
WEST GORTON, MANCHESTER y, 
ENGLAND. 


Telephone EASt 1473. 
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100 B.H.P. 
reversible Pelton 
turbine with Oil 
Pressure Governor 
and automatic 

spear control 





OIL PRESSURE 
GOVERNORS 


SLUICE GATES The Armfield 
awocommcere TTT 


: CTRIC 
HYDRO-ELE ‘60 (6 


INSTALLATIONS RINGWOOD - HANTS: ENGLAND 













Hydro-electrification 


Scheme —Ceylon 


Truck for conveying 
pipes for 
pipeline and 


transformers 





MM. B. WILD COL? svamincwam 7 


Telegrams & Cables: HAULING BIRMINGNAM7 


WATER POWER December 1951 39 











ANDO SUL FIX 
THE SWITCHGEAR 





Get that new plant into action quickly—speed up the fixings! 


s$u ‘*. WALL 
é : 3 . an : PLUGS 
Machinery and equipment? Bolt it down same day with Rawlbolts. i aS 
Screw fixings—wiring, lighting, pipes, switchgear and the rest—fix 


them fast, firm and permanently with Rawlplugs. Rawlplugs are the FIXING DEVICES 


world’s speediest, vibration-proof fixing devices—in brick, cement, 
concrete and all types of masonry. WRITE FOR TECHNICAL LITERATURE 
Use Rawlplug Fixing Devices where “ speed is the essence of the contract” 3 
THE RAWLPLUG COMPANY LIMITED - CROMWELL ROAD + LONDON - S.W.7 








BRE ROPEWAYS 
CABLEWAYS 


Prelude to Power... 


BRECO Ropeways and Cableways provide vital links in the chain 
which converts H.0 to K.V.A. Short links or long links—BRECO 
can build ropeways for dam building of any capacity or length, 
incorporating every labour saving device Experience counts and 
Breco are the largest suppliers of heavy capacity ropeways in the 
world today. Advice and literature freely and willingly supplied. 


BRITISH ROPEWAY ENGINEERING CO. LTD. 


PLANTATION HOUSE, MINCING LANE, LONDON, E.C.3 Tel. Mansion House 4681-2 
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Water power plants lie remote, and often in diffi- 
cult country. Here nothing is so important as 
RELIABILITY, the year-in year-out functioning 
of equipment without trouble or * outages.’ 

Switchgear, in particular, is vital. For water power 
schemes, the wide experience, research and manu- 
facturing facilities of Ferguson Pailin are utilised 


in many remote parts of the world. 


Below left: Type BV Switch unit for service up to 11 kV, 250 MV A. 


Below right: Type ROP 54 oil 
circuit breaker for outdoor service 
up to 66 kV. 





FERGUSON PAILIN LTD 


Switchgear Specialists 
MANCHESTER aor ENGLAND 






















Aluminium Bronze 
180 h.p. Turbine 

Runner supplied to Messrs. 
Gilbert Gilkes & Gordon 
Ltd., of Kendal, England 





HIGH TENSILE 
ALUMINIUM BRONZE 


CASTINGS 


WATER POWER 
INSTALLATIONS 


possess a Tensile Strength of 45 tons "ge sq. in., 
have a specific gravity of only 7.5 and are 
guaranteed to withstand any hydraulic pressure; 
also highly resistant to erosion, corrosion and 
abrasion. 


We are specialists in all kinds of Non-Ferrous 
Castings — in PHOSPHOR BRONZE, GUN- 
METAL, MANGANESE BRONZE, ETC. and in 
Light Alloy Castings, Chill-Cast Phosphor Bronze 
Rods and Tubes, Precision Machined Parts, etc. 


Fully approved by Admiralty and A./.D. 


T. M. BIRKETT & SONS. L™° 
HANLEY - STAFFS 


Phone: Stoke-on-Trent 2184-5-6 


BI04 


"Grams: Birkett. Hanley 





in association with 


BILLINGTON & NEWTON LT° 











Member of the A.E.1. Group of Companies 


FP? 
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LONGPORT, STOKE-ON-TRENT 
\ Bronze.Phone,Longport ‘Phone: Stoke-on-Trent 873034 £88/47 
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A 

Allgemeine Elektricitats Gesellschaft 

Allmanna Svenska Electriska Aktie- 
bolaget 

Anderson-Grice Co. Ltd. 

Armfield Hydraulic Engineering Co. 
Ltd., The 

Arrol, Sir Wm. & Co. Ltd. 

Associated Drilling & Supply Co. 
(Overseas) Ltd. 

Ateliers de Constructions Electriques 
de Charleroi 

Ateliers de Constructions Mecaniques 
de Vevey S.A. 

Atlas Diesel Co. Ltd. 10 & 

B 

Balfour, Beatty & Co. Ltd. 

Bell, Theodore, Ltd. 

Billington & Newton Ltd. 

Birkett, T. M. & Sons Ltd. 

Blackwood, Hodge J. & Co. Ltd. 

Blakeborough, J. & Sons Ltd. 

Blaw Knox Ltd. 

Boving & Co. Ltd. 

Brady, G. & Co. Ltd. 

British Insulated Callender’s Cables 
Ltd. 

British Ropeway 
Ltd. 

British 

Brown Boveri & Co. 

Bruce Peebles & Co. 

Butters Bros. & Co. 

C 

Cementation Co. Ltd., The 

Ceretti & Tanfani Ropeway Co. Ltd. 

Christiani & Nielsen 

Climax Rock Drill 
Works Ltd. 

Consolidated Pneumatic 
Ltd. 

Costain, Richard Ltd. 

Crompton Parkinson Ltd. 


Engineering Co. 


Thomson-Houston Co. Ltd. 
Ltd. 
Ltd. 
Ltd. 


& Engineering 


Co. 


Tool 
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Take, for instance, 


PIPE 
FLANGING 


Here is a case where Fusarc illustrate that two heads 
are better than one. The photograph shows an installation 
which accommodates pipes at an angle of 35 degrees from 
the horizontal for the purpose of fillet welding the flanges 
in a downhand position. One Fusarc Welding Head is 
movable up and down the length of the inclined rotary 
bed, for welding the top flange, whilst the other head is 
positioned on a swing table for the lower flange. 

This Fusarc-planned installation will accommodate pipes 
varying from 6 to 24 ins. diameter and up to 30 ft. in length. 


Production 


Tyne, II. 


News Sheets are published 
intervals. They cover an extensive field of production 
welding for all industries, and welding engineers are 
cordially invited to send in their names for inclusion on 
the free mailing list to 
FUSARCLTD., 
Dept. C. 852, Team 
Valley, Gateshead-on- 






Interesting and factual Fusarc Mechanised Welding 


at frequent 





FUSARC 


MECHANISED WELDING 
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More holes per shift ? Fewer steel changes ? 





Easier drilling in difficult places ? 


Higher output ? Lower costs ? Better blastmg? ... 


All these (and more) are easily achieved with 





2 BROS.LTD. 
the Hoiman Handril-Airleg-Holbit Combination. Holman 
May, we send you details ? CAMBORNE .ENGLAND 


} TELEPHONE: CAMBORNE 2275 (9 LINES) TELEGRAMS: ,AIRDRILL, CAMBORNE 
SUBSIDIARY COMPANIES, BRANCHES AND AGENCIES THROUGHOUT THE WORLD HB33 
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.A NATIONAL INFLUENCE 


HYDRO-ELECTRIC GENERATING PLANT 


Waterwheel Generators, Fransformers, Rectifiers, H.V. & L.V. Switchgear, Instrumeats, “Covering every side of 
Meters and Relays, Motors and Control Gear, Synchronous Condensers, Supervisory and Automatic the Electrical Industry.” 
Control Equipment, Voltage Regulators, Isolators, Lightning “Arrestors, Feeder Protective Gear, etc. 


METROPOLITAN - VICKERS ELECTRICAL CO., LTD., MANCHESTER, 17, ENGLAND 


Member of the A.E.1, group of companies AX/C90! 








